



Month after month new squadrons of Grumman F4F's are joining the 
fleet. These fast fighters constitute the largest single order ever placed 
by the United States Navy for this class of airplane. Each is powered 
by a dependable Pratt & Whitney Twin Wasp. 

PRATT & WHITNEY AIRCRAFT 

EAST HARTFORD, CONNECTICUT 

ONE OF THE THREE DIVISIONS OF UNITED AIRCRAFT CORPORATION 


TWIN WASPS ROARING 




T ight spot . . . throlllc wide open . . . 

a prayer that the motor is better than the 
other feilow’s. Skill and daring count, but the 
odds favor the pilot who rides behind an engine 
with an edge in speed and stamina. 

That is why every Thompson part that goes 
into a military aireraft engine is made with 
the most exacting attention to materials and 
precision work. For example, certain parts 
made by Thompson Products are held to 
dimensional tolerances of five Irn-lhousandths of 
an inch and arc superfinishcd to a surface 
accuracy of one-millionth of an inch. 


At the end of the last war, airplane valve lilc 
was 50 flying hours; today there arc many records 
of Thompson aircraft valves flying more than 
4,000 hours before replacement is necessary. 

American designers of aircraft and engines 
arc doing their best to give our flyers mechan- 
ical superiority. American workmen arc doing 
their best to give our air force numerical su- 
premacy. Thompson is proud to be a member 
of a team like that. Thompson Products. Inc., 
Plants in Cleveland, Detroit, Los Angeles, 
St. Catharines, Ontario. Manufacturers of 
Automotive and .Aircraft Pans. 
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A t no increase in price the universally popular 
AMRLrI2 receiver and direction finder is now avail* 
able to the pilots of America with a ^reat increase 
in usefulness. In addition to flying the radio ranges, 
honiin)! on all range stations, receiving weather broad- 
casts. getting control tower instructions, you can now 
use the A-'IRL-12 for inlerphone communication. Sim- 
ply plug in a microphone and talk— that's all there is 
to it! No railio operator's license necessary. 

This new feature is a big aid to flying instruction. It 
means that complex and lengthy explanations, usually 
postponed until landing because of exasperating engine 
noises, can now be given comfortably and easily to the 

LEAR AVIA, INC., Dayton, Ohio Altanlie Di 

RooMvelt St.ld, Mic.Dia, N. Y. * PociSc Diviiion: 1030 No. McCodden PJc 
Cofp., WtchHo, Koni. ■ Esport Dlvisioo: 30 AKk.tell.r Ploso, New York, 


student xt'hilc in the air. The instructor no longer has 
to strain to talk and the student no longer has to strain 
to hear. He will learn more in less time. 

Not only instructors and students, but nil pilots will 
welcome thi.s improvement because it makes flying 
pleasanter, more sociable, and more interesting in 

The .4MRL-12 makes an ideal two-way system when 
used in combination with the Lcaradio .AMT-12 trans- 
mitter since both units use a single dynamotor for 
power -supplv. This svstem is also available for dry cell 
operation in .AMRL-1 and A.MT-1 models. 

Write todav for further information. 

irii 30 Rockefeller Ploco. New York, N. Y. Service Srorion: 

Hollywood. Colilornro ■ WieSito Divtiiotr: Beech AIrcrofi 
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Go Lycoming for more dollars in your pocket! Oper- 
ators and private owners throughout the country are 
setting economy records with Lycoming blue ribbon 
light-plane engines . . . burning as little as gallons pet hour, even in the day-in 
day-out grind of student instruction. Specify “power by Lycoming" in your plane ... for 
extra economy, added comfort and proved dependability ... the first choice engine for 



civilian and military pilot training. 



FREE LITERATURE 



LYCOMING 





FOR MILITARY AND CIVILIAN TRAINERS * FOR PRIVATE AND COMMERCIAL PLANES 
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AERONAUTICAL ENGINEERING 
AND MASTER MECHANICS 
Aa Pnaoiaed 
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U. S. Navy 
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British 

Commonwealth Air 
Training Scheme 
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KINNER MOTORS 


Over the past 16 years, the efficiency ond dependability of Kinner Engines 
hos been proved by more than 150,000,000 miles of successful operation. 
During this time Kinner has carried on its policy of development, and 
Kirner Engines hove been constantly improved through refirtements to the 
bosic design. Today, more than ever, Kinner Engines are recognized for their 
outstanding high performance, climb ond moneuverability and twenty-seven 
nations now depend on Kinner for the training jobs that MUST be done, 

, INC., GIENOALE, CALIFORNIA, U. S. A. 


SPARTAN 

oilers You \L CAREER COURSES 



for Your Success in Aviation 

★ 

All ARE VITAllY IMPORTANT IN AVIATION ... All 
OFFER OPPORTUNITIES FOR HNANOAl ADVANCEMENT 


The vital need for additional well trained men in every branch 
of aviation opens up greater career opportunities for young men 
of America than have ever before existed. The aviation industry 
is calling for men to fill good pay positions in every branch of 
the profession — Pilots, Mechanics, Engineers, Radio Technicians, 
Instrument Technicians, Meteorologists. 

SPARTAN Prepares You for Any of These Aviation Careers with 
superior facilities that give you a head start in the field. A $475,000 
expansion program has made SPARTAN one of the most modern 
and complete schools of its kind in equipment and training courses. 


A new Instrument Technician Department with $25,000 worth of 

service and overhaul departments with facilities for taking care of 159 
planes now in service has been established. .. a new eight-unit engine 
test house and other advanced training facilities arc ready for you. 24 
modern training planes — 17 of them new, six private practice fields and 
skilled personalized instruction offer you unexcelled Sight training. 
SPARTAN flight graduates are now getting immediate employment at 
$175 to $250 a month — and SPARTAN is receiving requests for more 
men to fill on-the-ground aviation jobs than they can supply, 

Get all the facts. Choose your aviation career from the list of 


SPARTAN cours< 


iced belt 
(Next Sen 


. andm 


1 the I 
starts July 7. 


SP ARTA N 

School ofaeronmtlcs 

DIVISION OF SPARTAN AIRCRAFT COMPANY 

Check Courses feu Prefer 





''ClfIRKS" step up 
operations 

in factory, hangar 
and airport 


"Speed" is the cry in every branch of 
the industry. "Clarks" give you speed, in 
every handling operation. They move 
materials, parts and ships faster, at 
lower cost. Gas-powered, they have the 


stamina for 24-hr. continuous service. 



Send for these Bulletins 

"Clark" Pork Trucks — copacilies 
2.000 1o 7.000 lbs.— 23 models. 

Tractors — 3-wheel, pulling 40 tons on 
trailers— 4-whee! models, up to 85 Ions. 

CLAIRKTRUCTRACTOR 




SPRINGFICLD 


SATTLE CREEK, MICH. 



HOW TO 


. . use more spot-welded 
Stainless construction 



thousands of rivets and thick overlap- 
ping sheets. Stainless sheets are only 
about .012 inch thick, which makes 
expensive "joggling” unnecessary. 

U-S-S Stainless construction also 
increases strength, toughness, fire re- 
sistance of parts that take the worst 
punishment. .Ailerons, fins, stabili- 
zers. wing tips built of stainless can 
be easily repaired after damage. 
Stainless wing sections around the 
nacelle can withstand numerous en- 
gine fires and still carry the load .Who 
knows how many pilots and planes 
this will save by permitting safe 

U-S S Stainless can be drawn into 


intricate shapes without losing its 
strength. It is one met.al that has 

E iroved satisfactory for exhaust mani- 
olds, engine cowling, cowl flaps and 
other parts that must withstand in- 
tense heat, vibration and corrosion. 

Pilot seats, fuselage members, am- 
munition boxes, ejector chutes and 
numerous other parts have been 
proved stronger, lighter, faster to 
fabricate when made of stainless. 

technical information you need and 
will be there as quickly as they can 
fly if yon need help on production 
problems. Call any of the companies 
below for more information. 



U-S-S STAINLESS STEEL 



UNITED STATES STEEL 



ElECtWC OWEIS 
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Also 

SIOUX Special 
Electric Drills 

for every purpose 

SIOUX V4” All-Angle 
Electric Drill 

for "Close Corner" Work 


Write for 


complete 


Information 

on our entire drill line 








"READV-MADES" THAT ARE “CUSTOM-BUILT" TO AIRCRAFT INOUSTRV REQUIREMENTS 


Steel 

BENCHES 


No makesh!fi$ needed! These prefabricated 
benches are THE answer to quick set-up for 
sudden expansion demands. With "MalloweH” 
benches your full cost is predetermined, you 
eliminate costly wastes— time and trouble of 
layout, figuring lumber and labor costs. And, 
"Hallowell" Benches are easily moved wher- 
ever, whenever they're needed. Where wooden 
benches become shaky wrecks, "Hallowell" 
Benches stay rigid and firm. 










The inter-relation of American industries is a striking phenom- 
enon of modern industrial practice. It applies, of course, in 
the production of the Bell Arracobra interceptor pursuit 
oirplone. Our steadily increasing copocity is in no small 
measure due to the cooperation of the United States 
Army Air Corps and the many American firms who 
furnish us with basic moteriols. And also — to those 
who in turn supply the many needs of these firms. 





BELL AIRCRAFT 


CORPORATION 


BUFFALO, 


NEW YORK 




J!xHU-Go4t Pilot 9-4tiiOMctiO*l — 


TAYLDRCRAFT p^UMidai BOTH 

TWO-PIACE "Sm-BY-SIDt ” AND "TANDEM" TRAINERS 


Jlooh at iltele 
VCfiQktmi fffCOffOS 


Winner of the light plane Fire- 
stone Trophy Race for two con- 
secutive years — 1940 and 1941, 


Holder of the World's light plane 
altitude record of 24.311 feet. 


Holder of the World's light seo- 
plane long distance non-stop, 
non-reiueling record of 90 1 miles. 


YOU GET yMvie IN TAYLORCRAFT 


T O FURTHER our National defense is everybody's job. The 
light plane industry is taking on indispensable port by provid- 
ing the primary trainers and production facilities so vitally 
necessory to create a "Nation of Pilots". Only light planes 
can be built quickly in the great quantities needed for pri- 
mary training of tens of thouscmds of pilots. 

Superior construction and flying advantoges have made 
Taylorcrafl the World's largest selling two-place Side-by-Side 
airplane. Now. with the addition of a new. modem Tandem 
Trainer BOTH Side-by-Side and Tandem models ore avail- 
able — each incorporating the some qualities that have mode 
the Taylorcrafl name synonomous with flying excellence. 
Built to lake the severe service in the Government Civilian 
Pilot Training Program, these big. rugged, low-cost Trainers 
will give wings to new thousands of pilots — help to protect 
our National security. 

Young men of America! Leom to fly — do your part to defend 
American freedom by helping to make Our Country a "Nation 
of Pilots". Write for a descriptive folder of Taylorcroft air- 
planes and information on free flying instructions, today. 
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TAYIORCRAFT AVIATION CORPORATION ”econo‘ 

Department 45 Alliance, Ohio 


ALUMINUM, 
DEFENSE, 
AND YOU 

f 

a 


WE INTERRUPT our regular messages to report what's what with 
aluminum. 

AT THE MOMENT delivery for civilian use must make way for 
defense. Everybody knows the reason. Defense requires and is 
using more aluminum per month than peacetime America ever 
consumed. 

NEVERTHELESS, we intend that no one shall have to forego the 
things aluminum can do best one minute longer than we can help. 

THERE IS NO SHORTAGE of bauxite, nor of anything else, except 
time. And Father Time is being given the race of his life. 

WE ARE MOVING, for example, 35,000 yards of earth a day at 
Alcoa, Tenn., to get 50 acres under a single roof by September, It 
will require 193 carloads of roofing felt. Some of the operations in 
that plant will start even before the walls are up. That’s an annual 
rolling capacity for 120 million pounds of high strength alloy sheet 
coming along fast. 

LAST MARCH WE STUCK the first shovel in a cow pasture near 
Vancouver, Wash. In September a 30 million pound plant was 
delivering metal. It has been doubled, already. A third 30 million 
pound unit starts delivering in April; a fourth in May; a fifth in 
June. From cow pasture to 150 million pounds annual capacity in 
15 months. 

A SIDELIGHT: To make that 150 million pounds of aluminum, we 
first have to build factories to make 120 million pounds of carbon 
electrodes. We have to obtain the equipment (transformers, recti- 
fiers, and the like) to feed 162,500 kw. of electricity into the reduc- 
tion furnaces. This is a generating capacity equal to that of the state 
of Delaware plus twice that of Mississippi. 

WHAT OF TOTAL PRODUCTION? In addition to Vancouver, 
further installations are being made at other of our plants, so that 
in less than a year their total capacity will be more than double 
that of 1939. when 327 million pounds were produced. 

IN THE VERY MIDST of this demand we have lowered the price 
of aluminum ingot 15'“). We state, without reservation, our hope 
that the price can be still further reduced. 

DEFENSE PRIORITIES on aluminum simply say that there are 
some fundamental things that aluminum does supremely well. It 
will do them still better as important lessons in production, fabri- 
cation, and application are learned from every additional pound 
being produced and used. 


ALUMINUM COMPANY OF AMERICA 








"Performance" designates the flying characteristics of an airplane. But one word is inadequate to put across what 
we mean when we speak of Lockheed performance. One word can't tell how Lockheed Lodestars save time and 
money for airline operators by cutting flying schedules ... stepping up operations'. 

One word can't portray the speed, the agile maneuverability and the staying qualities of the Lockheed 
"Lightning,” known in military circles as the P-38 Interceptor Pursuit! One word doesn’t clearly picture the 
successes of Lockheed "Hudson" bombers against superior numbers of pursuit airplanes in the defense of Britain. 
One word can’t do all that . . . but Lockheed’s record of performance can speak for itself! 



To provide "housing for a hurricane" was another problem solved by 
Lockheed engineers in their quest for highest performance. Their an- 
swer was this 170' x 70' aerodynamics laboratory . . . largest and fastest 
privately owned wind tunnel in the world. Its daily operation shortens 
time between plans and production by a minimum of five months. 


LOOK FOR 


LEADERSHIP 







FLEETWINGS’ new “Ad- 
vanced-Primary" Trainer of 
all metal construction, designed 
for C.P. T. P. advanced training 
with acrobatics, as well as for 
any Army primary training. 


An All Metal Primary Trainer 

^ft£ETWlN€S^33 


rLCCT W i N C S 


Franklin 6 AC-298, 6 cyl., 130 h p. Engine 
Electric Starter, Generator (optional) 
Fuel Capacity— 30 gallons 
Air-oil Landing Gear (main and auxiliary) 
Hydraulic Brakes (toe pedal operated) 
Canopy and Cabin Heat (optional) 
Elevator Trim Tabs (adjustable in flight) 
Baiance, push-pull operated ailerons 
Slotted Flaps 

Control Surfaces, ball bearing operated 

Adjustable Seats 

Dual Controls and Instruments 





WESTERN AIR EXPRESS, CONTINENTAI 
ORDER BENDIX AUTOMATIC COMPASSE! 



10 AIRLINES Have Standardized on 
MN-31 COMPASS UNITS 

Recent orders for Bendix MN-31 Automatic 
Radio Compasses by Western Air Express, 
Continental Airlines and Catalina Air Trans- 
port have increased the list of commercial 
airlines using this modern navigational aid 
to a total of 10 in all. The rapidly increasing 
list of users is abundant proof that Bendix 
Automatics meet the rigid requirements of 
scheduled airline operations. 





. . . because 


they re banking on 
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PIONEER INSTRUMENT 




REPUBLIC AVIATION 



IN COMMAND “UP THERE”. . . In the thin, cold air at 30,000 feet and over. 
Republic Aviation interceptors meet every challenge. Designed, built and super- 
charged for maximum military utility to counter high-altilude bombardment, these 
Republic Aviation pursuit planes will equip many squadrons in the powerful and 
rapidly expanding fighting forces of the United States Army Air Corps. 


REPUBLIC AVIATION CORPORATION 

FARMINGDALE, LONG ISLAND, NEW YORK, U. S. A. 


A V I X T I O N . Ap>ll. 



Still More Manufacturing Expansion in Sight 


« STILL GREATER EXPANSION 
of the aircraft industry appears to be 
inevitable. No one knows exactly how 
far it will go. Programs are being 
made and remade. Officials of the Army. 
Navy, and O.P.M. are conferring daily 
and working out details at night with 
almost daily breakfast and dinner con- 
ferences to keep up with the President’s 
requests for more and more airplanes 
for the British and for ourselves. The 
new programs are intended to take hold 
when the present one winds up in the 
middle of 1942. At the moment the 
course is fairly well charted to the mid- 
dle of 1943 but actual numbers are 
conlidential. It can be said, however, 
that they are greater than most of us 

« SHORTAGES. DESIGN 
CHANGES, AND LABOR TROU- 
BLE continue to retard the progress 
of the present progrant. In spite of 
these obstacles, the total -Army, Navy 
and British production figures for Feb- 
ruary coincide closely with the predic- 
tion published in .Aviatiox for January 
(The Truth About the Defense Pro- 
gram, by T, P. Wriglit.) 

Curliss-W right. North .American, 
Stearnian, and Vultee are continuing 
their outstanding production perform- 
ance. The latter completed its initial 
contract for 300 basic trainers almost 
hvo months ahead of schedule in spite 
of the recent strike. Consolidated is 
turning out PBY Patrol Boats and B-24 
Bombers for the Army, Navy, and 
British as well as huge PB2Ys for the 
Navy at a very satisfactory rate. Bell 
has been hitting its production stride 
but is hampered on deliveries hy a 
momentary shortage of the particular 
model of engine required for the P-39. 


February engine production exceeded 
expectations on present types, but one 
manufacturer experienced some diffi- 
culty in changing over to an advanced 
design. Although design changes will 
always take their toll in production 
performance, it is extremely fortunate 
that our program is set up so that im- 
provements may be introduced along 
the way. A rigid adherence to ftxcti de- 
signs would be very dangerous. There 
are still a few rough spots, mostly be- 
cause of design changes, and change- 
overs from one contract to another. On 
the whole the program is progressing 
satisfactorily but the best is none too 
good and we must spare no effort to 
squeeze every possible airplane, engine, 
and accessory off of the final assembly 

» LABOR TROUBLE IS THREAT- 
ENING in several vita) spots as this is 
written. It it come.s in these particular 
places it will play havoc with the ful- 
fillment of the program. Regardless of 
the inalienable rights of workers or 
of management, loss of a single day or 
hour of protiuction in these critical 
places will slow up many other manu- 
facturers’ output all along the line. If 
this time is lost it is not impossible 
that labor, management and everyone 
else will lose the belter part of their 
inalienable rights for a long, long time 
to come. We must devise some means 
to settle differences between manage- 
ment and labor while production is 
going on. 

» WASHINGTON IS FULL OF 
ALUMINUM SEEKERS from many 
industries. .-Ml of them come down well 
armed with facts and figures to prove 
that they must have so many pounds 


or else something terrible is going to 
happen. Some of them are asking for 
more than they need. The Priorities 
Division of O.P.M. has a difficult job 
on its liands. fn the military services 
there is a growing acceptance of the 
Civilian Training Program as a selec- 
tion machine for candidates for military 
and naval training. It is hoped that 
the Priorities Division recegnizes this 
fully anti find ways and means to provide 
the light plane manufacturers with Uieir 
infinitcsmal needs even at the expense 
of non-defense industries. 

» THERE WILL BE CRASHES far 
worse tlian any yet experienced if we 
fail to follow the rules of the airways. 
Recently we have had reliable reports 
of several close calls between airlines 
and military airplanes. The .\rmy is 
totally unjustified in jeopardizing per- 
sonnel anti equipment, as well as civilian 
lives, by operating without properly 
filed flight plans. Such operation is 
7iof in the interest of national deiense. 

» THE Al RLfNES SHOULD COOP- 
ER.^TE by decorating their ships in 
such a way that they are more readily 
visible and increasing the intensity of 
their flying lights at night, .^nd it is 
high time tlial the 90 degree screening 
of wint light.s, a hangover from marine 
practice, be modified to provide 180 
degree screening so that flying lights 
may be visible over a much wider 
range. Increases in visibility of aircraft 
at night must keep up with increasing 

There arc times when conditions jus- 
tify a change in flight plan. We have 
flown in airliners which darted in and 
out of clouds when there was perfect 
visibility lOOO feet above or below the 




that keep Cost Records 



•k MOtE RAIIROAO ROUING 
EQUIPMENT IN THE U. S. IS 
lUBRICATEO WITH TEXACO 
THAN WITH ANT OTHER BRAND. 


k MORE TOURISTS USE TEXACO 
FIRE-CNIEP GASOUNE THAN 
ANT OTHER BRAND. 
k MORE SCHEDULED AIRLINE 
MILEAGE WITHIN THE U. S. 
AND TO OTHER COUNTRIES IS 
FLOWN WITH TEXACO THAN 
WITH ANT OTHER BRAND. 
k MORE BUSES, MORE BUS 
LINES AND MORE BUS-MILES 
ARE LUBRICATED WITH TEXACO 
THAN WITH ANT OTHER BRAND. 
k MORE STATIONART DIESCL 
HORSEPOWER IN THE U. S. IS 
LUBRICATED WITH TEXACO 
THAN WITH ANT OTHER BRAND. 



T he routes of che Rfcat "American Eagles" using Texaco, whose 
emblems arc showm above, extend Irom ocean to ocean. Irom Canada 
to Mexico, and spun ibe West Indies and Central America, stretching along 
the north and cast coast of South America. 

Despite the rigors of routes which range from sea-level to altitudes that 
dear loftiest mountain peaks, each of these great airlines shows consistently 
low maintenance costs. iNaturally we are proud of the pare played by 
Texaco Products in this achievement. 

Because of the benefits ihe> bring— 

MODE SCHEOUUO AlgLINl MIIEAOE WirHIN THE U. 5. DNO ro OTHEB 
COUNTRIES IS flOWN WITH TEXACO THAN WITH ANT OTHER BRAND. 

The outstanding performance of Texaco Products bos made them preferred, 
also, in the fields listed to the left. 

These Texaco users enjoy man)' benefits. You, too. will find important 
advantages in Texaco. For a Texaco Aviation Engineer to help you. phone 
the nearest of more than 2..100 Texaco distributing plants In the States, 

The Texas Company. Avulion Dirhion, 135 E. '12nd St-. New York. N. Y. 

Wednsids, iiiRhl. CES, 9,00 E.S.I.. BOO CJ.T., I0« M.S.t.. 9« P.S.T. 


TEXACO Lubricants and Fuels 

FOR THE AVIATION INDUSTRY 


AVIATION, Arrll, 


predetermined altitude. Not only be- 
cause of the increasing congestion in 
the skies and the increasing risk of col- 
lision in the air, but for passenger 
comfort as well, it should be possible to 
alter a Eight plan enroule with due 
notice to other aircraft in a given area. 

« CONGRESS WILL NOT FIND, 

ill the present Investigation, any logical 
connection between the recent airline 
accidents and the reorganization of the 
Air Safely Board. It is extremely doubt- 
ful if Congress will find anything of 
value for this expcndilure of the tax- 
payers’ money. If the investigation is 
fairly condueted, and there are some 
early indications that it may be, it will 
be discovered that the recurrence of 
accidents after the reorganization was 
pure coincidence- There are epidemics 
of accidents in all varieties of transpor- 
tation. These epidemics fretiuently are 
due to the overconfidence that builds 
up during long periods of perfect safety. 
Often they are due to careless habits 
developing from operating mistakes that 
have been repealed many times over 
without disastrous results. Then, sud- 
denly, the mistake is made once too 
often. These human failures cannot be 
regulated out of existence. The airlines 
must work out their own salvation. And 
they can do rl only by tightening up 
and increasing the alertness of everyone 
concerned with airline operation. And 
that means everyone from the boy who 
sweeps the hangar floor to the vice 
president in charge of operations. 


» DESPITE THE ACCIDENTS, 
airline traffic lor January was 25 per- 
cent ahead of the same month last year 
and February, 1941, was about 40 per- 
cent ahead of February, 1940. Much of 
this increase was due to the accelerated 
travel in connection with the defense 
program. The airlines are playing an 
important part in accelerating the in- 
crease in productive capacity for total 
defense. The military services, particu- 
larly the Army, should consider this 
carefully before moving to lake over 
any additional transports from factory 
production lines. 


« IT IS TOO EARLY to appraise the 
results of the installment air travel plan 
instituted March 1 by seventeen of the 
leading airlines. This is a step we 
have advocated for some time. It should 
have been taken a long while ago. 
Installment purchasing has brought 
many conveniences and pleasures to tlie 
American public and has increased sales 
volume in many businesses. Without it 
the automotive industry and many 
others never would have approached 
their present proportions. Now it will 


bring airline travel to thousands of 
families who have wanted it but could 
not see their way to make the total 
outlay in advance. In so doing it will 
convert to airline travel many of that 
large and heretofore almost untouched 
groups of people who pay out of their 
own pockets for transportation because 
they cannot travel on expense accounts. 
-And it will help to reduce the sales 
resistance of the wives and families of 
many men who travel on business, but 
have not been able to afford to demon- 
sir.Tte to their dependents the advan- 
tages and comforts of air travel. 


» RAISING THE MiNIMUMS for 
instrument approach was a wise step 
on the part of C.A.B. During the past 
few months we have experienced, in 

or two lantliiigs tliat should not have 


mr 


been made. L'lilil instrument landing 
etiuipniem is available and is installed 
at terminal airports we must be content 
to accept some reduction in regularity 
in the interests of greater safety. 

» THE ROYAL AIR FORCE Benev- 
olent Fund of the U. S. Inc., a one-hun- 
dred-per-cent war charity with no 
deductions from receipts for overhead, 
has been founded here as a branch of 
the British Fund. Its sponsors, promi- 
nent business men and others headed by 
Colby M. Chester, cliairmaii, ami 
Thomas H. Beck, president, are under- 
writing all administrative expenses, and 
all donations are forwarded in full to 
England- 

In the initial drive for funds the aid 
of the Aviation industry, operative and 
manufacturing, is being enlisted, Roger 
Wolfe Kahn, well-known aviation en- 
thusiast, is heading up this activity. He 
has announced a "Hats off to the 
R.A.F." party at La Cuardia Airport 
for April 29. A Piper Cub, donated by 
the m.skcr, will be one of the prizes. 






For the Great New Doug/as B-15 
Super- bomber, "Guardian of a 
Hemisphere". . . 2~joo pounds of 
wheel, brake, tire and air! 


The 50,000"' * 


Bendix Aircraft Wheel and Brake assembly 


* 


AND 1,000 A MONTH 
FROM NOW ON! 


We couldn't hold a recess for cea'and'crumpccs when our people 
rolled the fifty- thousandth Bendix Aircraft Wheel and Brake 
assembly awav from Final Test on St. Patrick’s Day. The occasion 
was signalized by merely another check-mark on the day's pro- 
duction sheets. But somebody did pause to reflect . . . that 50,000 
units is a lot of experience with any product . . . and how the 
Pace of Experience has accelerated! 

In foreign skies men are cramming into 24 hours the 
equivalent of years ofpeacettme military research. New 
knowledge comes almost daily to reinforce the pains- 
takingly acquired data of a dozen years of research. 


L AN DING- 


The steadfast trust of a group of very gallant men, who continue 
Co call for what Bendix folk are building, who continue to accord 
our products their fullest confidence, is an inspiration indeed. 

BENDIX PRODUCTS DIVISION 
OF BENDIX AVIATION CORPORATION • SOUTH BEND, IND. 

GEAR EQUIPMENT 


AIRPLANE VPHEELS AND BRAKES • P.NEI'DRAULIC SHOCK STRUTS 
SWIVELABIE AND STEERABLE TAIL-KNUCKLES • PILOT SEATS 


AVIATION. April. 



« Dm ALL OF YOU RCADEss get one of 
Eastern Air Lines’ “air conditioners" 
lor your ears? It's a liltle balloon with 
a wooden norzic that you blow up with 
your nose; opens up your Eustachian 
tubes, in case they’re closed. The one 
we got was pretty stubborn and we 
didn’t have enough diaphragm to inflate 
it, even though we used to be noted for 
our power on the cornet. We brooded 

took the ear conditioner home. Our 
wife watched while we again failed to 
blow it up. Seeing one of her rare 
opportunities to break our domineering 
spirit, she seized the device and put 
her whole soul into it. Her eyes stuck 
out and her face got as purple as huckle- 



stayed up there. 

» Now THAT THE WINTER IS OVER aild 
gone and the voice of the turtle Is heard 
again in the land, here is a little sub- 
zero operations story. Silting in ti 
DC-3 at La Guardia Field one bitter 
night last January, waiting to be flown 
home, we watched the port engine turn 
over, stiff as molasses, and fail to go. 
It failed in three or four more turns. 
Then out on the field came a man with 


what looked like a bamboo fish pole. It 
had a hand-pump fire extinguisher on 
the butt end. and a copper tube running 
up to the lip, where it curved over in a 
hook. He reached the hook into the 
carburetor intake vent, gave the extin- 
guisher a couple of strokes, backed 
away, and engine started with alacrity. 
.After we got up, we told the stewardess 
to go and ask the pilot what the man 
squirted into his intake. We thought 
sure it was going to be ether. She 
came back in a minute and said it was 
just raw gasoline. Looked pretty neat 


» All this talk about people who 
w'ant a lot of airplaties quick has 
brought out a sort of parable to illus- 
trate what may happen. If it's been 
printed somewhere we defer to the 
author. It seems that a working Gen- 
eral in somebody’s air force demanded 
a fleet of special long-range bombers to 
tio a job on an objective he had set his 
heart on. Tile manufacturer demurred; 
said mistakes were sure to result from 
such hurried delivery. The General 
demurred right hack at him; told him to 
produce or else. On the appointed day 
the Genera] got his bombers. He organ- 
ized a mission and climbed into the lead 
ship himself. It was a beautiful job. 



The whole squadron took off, and flew. 
•Arrived over the target, the General 
himself reached for the bomb trip, gave 
it a pull, and the night orew fell out. 


» The other day we asked an airline 
executive just what happens behind the 
insurance scenes when an operator has 
an accident with fatalities. 

He said that of course the airlines 
have liability insurance- When there 
are casualties, the heirs and assigns 
invariably institute claims. Quite often 
a settlement out of court is reached 
between them and the insurance firms. 

The airlines lake out personal lia- 
bility coverage with insurance compa- 
nies just as do railroads, bus lines, and 
steamship companies. Very few suits 
are instituted as the policy has been 
for tlie insurance company to make 
fair and prompt settlements. 

Incidentally, while the public does 
not recognize how safe air transporta- 
tion has become wdien measured in 
terms of passenger miles despite the 
prominence given any airplane accident, 
one proof of this is the action of one 
underwriting firm in New York offer- 
ing a policy in thousand dollar multi- 
ples at $1.10 a thousand per year, which 

day if he wants to on any scheduled 
airline. In other words, this policy, on 
payment of $5.50 per year, would give 
the holder $5,000 protection even if he 
flew 365 days a year. Furthermore, in 
recent months fourteen insurance com- 
panies have eliminated previous penal- 
ties which were imposed on air travel- 
ers in their life insurance policies, and 
these fourteen companies now write life 
insurance for air travelers on scheduled 
airlines ivilhout any extra premium. 

Incidentally, those little $5,000 travel 
policies you buy for two bits are a 
popular item. -A checkup on an acci- 
dent in which a number of persons were 
lost, showed that all but one of them 
had those policies. The benefits are not, 
of course, deductable from the liability 
of the operators’ umlerwriler. 
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WAITING 

FOR THE BLITZKRIEG 


A Letter irom London 



the Lord this is a windy country. People 
who live in Central Europe are apt to 
forget it, and I can see gas attackers 
leaving Germany on what they fondly 
imagine to be a flat calm day and run- 
ning into half a gale here. But prob- 
ably they have discovered that in the 
course of their raids. 

I think that what the bulk of the 
population of this country are looking 
forward to is the promised invasion. 
They are not exactly viewing the pros- 
pect with pleasure, as they know that 
somebody is going to be discommoded. 
But they want It to come and get it 
over. The mental attitude of the nation 
as a whole is rather that of somebody 
who is about to take some unpleasant 
medicine which he feels absolutely con- 
fident will do him good when he has 
got rid of it. 

The Air Force naturally arc looking 
forward to it with something very like 
pleasure, because they know it will give 
them the chance of a thundering good 
whack, not only at the German Air 
Force, but at the stulf on the sea and at 
anything which may perhaps .survive to 
reach the coast. And they are anxious 
to see what will happen if the Germans 
try to put down troop-carriers and the 
much-advertised trains of gliders in this 
country. 

Personally, I cannot see how they arc 
going to do it in the dark, and if they 


going very well. 
I Output is going up like blazes, par- 
ticularly because, thanks to bad weather, 
we have had practically no interference 
with work on our night shifts for the 
past two months. But even if there had 
been, the output is jumping. 

Naturally, we arc all sitting and wait- 
ing to see what the newest sort of blitz 
is going to be. People talk gaily about 
4-ton bombs, — which might be nasty if 
they hit anything, but would be a fright- 
ful waste of material and carriage if 

With a 4-tonner you have either got 
to hit something or waste it. You can- 
not spread it lengthwise or crosswise 
over a target area as you can a stick 
of bombs. 

.Also, quite naturally, there is a lot of 
talk about gas attacks. But judging 
front the little I know about gas, they 
can only be of a limited extent. They 
might be used in an attempt to terrorize 
the civil population in tlic same way 
that machine-gunning the streets, or 
flying alongside railway trains and 
pumping bullets into them is an attempt 
at terrorization. But 1 do not see how 
any sort of aeroplane is going to carry 
enough gas or gassifying liquid to cover 
a big enough area to have any serious 

And, to be at its worst, gas needs an 
absolute flat calni to be effective. Thank 


try it in the daytime, they have not got 

If they try parachute troops, there are 
so many soldiers all over the country, 
and there is such a lot of the Home 
Guard, and they are all so keen, that 
I cannot see the parachutists having a 
hope either. 

Even if the Germans launched an 
attack with a million men all at once, 
and even if they tried to concentrate 
them in a few areas. I still do not see 
how they could do more than possibly 
break up a few railways or burn an 
aerodrome or two. 

And another thing, for the purposes 
of tackling them, all the obsolete fight- 
ers in the country and those few Ameri- 
can fighters which would be considered 
under-armed for first-class fighting on 
the Continent, would come in perfectly 
well. In fact, even elementary trainers 
could carry enough bombs to do con- 
siderable execution among boats off the 
coast and men trying to land on beaches. 

It is likely to be a grand scrap if and 

I do not think that there is anything 
in this letter to which the Censor is 
likely to object, so just use anything 
you like. 

Yours very sincerely, 


Acrobatics Are Easy! 

With acrobatics a required part oi ail CPT secondary ilight 
courses, this series of articles should be oi wide interest 

By Daniel J. Brimm, Jr. 










The Cost of 

OWNING AND OPERATING 

Small Aircraft 


How much does it cost to operate an airplane? Here is an interesting answer. 


T he recent stimulus given to aviation 
by the government subsidy, in the 
form of Civilian Pilot Training courses, 
Itos caused many individuals to consider 
the cost of flying. Pilots trained under 
the new program are faced tvith the 
problem of continuing their flying, and 
they must continue it if they arc to 
keep their coveted ratings. 

This study started with an attempt to 
determine the cost at which well-trained 
pilots might reasonably expect to buy 
flying time. The lack of ready infor- 
mation, however, made the search much 
more involved than was at first antici- 
pated, and the final result is the data 
presented herewith. 

The writers believe that the informa- 
tion presented will answer many of the 
questions frequently asked about the 
cost of flying. It should be helpful 
to individuals or groups considering 
the formation of flying clubs; and, 
finally, it should offer to operators of 
flying services a simple method of 
evaluating the cost of their service to 
the public in the light of presentday 
facts concerning aircraft. 

The data were secured by many 
visits to air fields and factories, con- 
ferences with pilots, private owners, 
flying service operators, and with engi- 
neers, In particular, the writers wish 
to acknowledge the assistance of the 
engineering and executive staff of the 
Air-Cooled Motors Corp. of Syracuse, 
New York, Mr. H. M. Peters, and Mr, 
G. B, Hilton, of the Ithaca Flying 
Service, and Mr. M, J. Strock, of the 
Piper Aircraft Corp., for helpful dis- 
cussions and material; and frequent 



By CyrI W. Terry 

Ass'f. Professor of Aeronoufical 
Engineering 

Paul Kellogg 
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reference was made to Professor K. D. 
Woods’ book on Airplane Design. 

The many factors involved in own- 
ing and operating a small airplane pre- 
clude any possibility of analysing costs 
for every possible condition, but the 
various items arc presented in such a 
form that the costs pertaining to any 
particular condition may be determined 
readily and with reasonable accuracy. 

•As a means of sliorl-dislaHce traiis- 
porlaiioii, the airplane, in its present 
form, cannot compete with the auto- 
niobiie. Therefore, it must be considered 
as a vehicle for longer trips and for 
recreation and observation. The cost 
of private plane operation is still above 
that of the automobile. However, if a 
person were to spend as many hours 
traveling by plane as he does by car 
he would cover more than twice the 
distance, and the cost per mile by plane 
would, in many cases, be less. 

Lei us look at the costs of private 
flying. They fall conveniently into 
three groups; 1. Overhead, annual 
or fixed costs; 2. Running or hourly 
operating costs; 3. Airport costs. This 
last item is really one of the fixed costs, 
but, because in private flying it is usu- 
ally paid for as hangar rent, or along 
with the price of gasoline, we propose 
to consider it separately. 

The overhead or fixed costs are made 
up of items which are necessary in 
order to have the plane in condition to 
fly, and ordinarily they do not increase 


or decrease materially with the use of 
the plane. We shall consider four items 
as making up these costs; 1. Depre- 
ciation of the plane; 2. Interest on the 
invcsimcm; 3. Insurance; 4. Hangar 

This group of items is often con- 
sidered as yearly costs and ordinarily 
must be incurred before the plane Is 
ready to fly. 

Running or hourly operating costs 
vary directly with the use of the plane. 
It is usual to compute these on the 
basis of a single hour of operation. 
We shall consider five items: gasoline, 
oil, engine and propeller upkeep, plane 
upkeep, minor accidents not covered by 

We will now consider in more detail 
the various items mentioned above- 

overhead Coete 

1, Deprecialioit of the flaue. This is 
similar to that experienced in automo- 
biles. However, the increasing market 
for planes has so far prevented any 
crystallization of the rate of depreda- 
tion. New planes suffer heavily the 
first year, as do new cars, but it is not 
uncommon for a plane to suffer much 
less, if any, depredation for the second 
or third year. This effect is a func- 
tion of demand and may change at any 
lime, but the necessity for keeping 
planes airworthy should perhaps be 
given some credit for keeping the true 
value of the plane high. Fig. 1 per- 
haps gives a rather pessimistic view 
of the depredation in a plane's resale 
value, but the writers feel thaS It is a 
fair picture of conditions for the past 
few years. 

2. Jnleresi on the invesliaenl. This item 
is often not considered, but it must be 
remembered that if money is borrowed 
with which to buy a plane, the borrower 
will normally have to pay interest at 
the rale of 6 percent. If one already 
possesses the money, it could be other- 
wise invested so as to bring a return. 
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3. hnuranco. A number of conditions 
influence the kinds of insurance which 
should be carried. It is common for 
most owners to consider first, and, gen- 
erally carry, some form of insurance 
covering damage to their airplane. 
Actually, however, a claim for per- 
sonal injuries or for damage to the 
properly of others can create a much 
greater loss. Where claims become 
the subject of litigation, expensive legal 
talent is required to defend them and 
one of the important features of lia- 
bility and properly damage insurance 
is that the insurance company lakes over 
the defense of such claims. In the 
case of an airplane used for pleasure 
and personal business, this risk can 
be insured against for annual premiums 
of $40 for injuries to persons outside 
the plane in amounts of $5,000 for any 
one person and $10,000 for any one 
accident and $40 for damage to the 
property of others up to $1,000. If 
passengers are carried, the owner's re- 
sponsibility to them may be insured 
against for a premium of $50 for a 
limit of $5,000 if the ship seals one 
passenger, $75 if two passenger seats 
and $20 for each additional. These 
limits may be increased for a relatively 
small additional premium. For in- 
stance the amount of insurance for 
bodily injuries to other than passengers 
may be doubled for an additional prem- 
ium of $10. 

During the past year, underwriters 
have made available a single limit lia- 
bility policy. This policy includes all 
of the defense provisions of Che stand- 
ard form but is limited to a contri- 
bution up to $5,000 in the aggregate 
for the settlement of claims arising 
out of any one accident for all three 
of the coverages previously referred to, 
that is, injuries to persons outside the 



Fie. 1. Plaavt depredola every year. 
Vertical scale shews parcentace ol cost. 
horlsOBlal scale shows ysats. Braksn 
line ollcwe for 20 percent depredation 
after first year; solid line shows ID per. 
cent. Dlffsrsnce depends upon market. 



airplane, passengers, and damage to Che 
properly of others. The annual prem- 
ium on a two-place airplane used for 
pleasure and personal business is $70.60. 

There are various forms of insurance 
against the damage to tlie aircraft. The 

not in flight — with the term "flight" 
being defined as the time commencing 
with the beginning of the take-off run, 
while in the air and unlit the landing 
run is completed; all perils — ground 
and air — with crash losses being sub- 
ject to a deductible of 10 percent of 
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SAN ANTONIO AIN DEPOT 


With rapid Air Corps expansion a new and greater responsibility 


is being placed on its airplane and engine overhaul bases 



A ^^ &ir corps is only as good as its 
maintenance system. If lighting 
planes are to accomplish their missions, 
it engines are to purr smoothly on diffi- 
cult flights, the maintenance organiza- 
tion on the ground must be efficient 
and trained to a state of perfection. 

In the system of maintenance used by 
our Air Corps, great reliance is placed 
upon the four depots located at Harris- 
burg, Dayton, Sacramento and San An- 
tonio. These are the major overhaul 
stations where engines, propellers, ac- 
cessories and even the planes themselves 
are sent for complete overhaul. Daily 
and monthly checks are made at the 
flying fields, but only the depots are 
equipped to do such complex jobs as 
tearing down and rebuilding engines or 
making major structural repairs in 
large bombers. 

Largest of U. S. depots is at Duncan 
Field, San -Antonio. Its 1,9CK1 trained 




mechanics are the guardians of etjuip- 
mem for some 1,000 airplanes. In the 
course of a month as many as 250 en- 
gines, 2,000 instruments, 15,000 spark 
plugs, 350 starters and hundreds of 
other items will flow through the depot 
for complete disassembly, rebuilding 
and testing. Then they are sent back to 
the tactical squadrons or training cen- 
ters for installation. 

In addition to this overhaul and re- 
building of removable parts of flie air- 
plane, a vast amount of fabrication 
work is done at Duncan. A visitor to 
the depot, catching a glimpse of a line 
of Republic ships, as shown on the op- 
posite page, may conclude he is in an 
airplane factory. The sheelmetal shop 
with its hydraulic press, forming equip- 
ment and the busy rat-tat of rivet guns, 
and the huge machine shop are especi- 
ally reminiscent of manufacturing 

Work in the huge S-acre building 
which houses the overhaul shops is 
under the direction of Col. Clements 
McMullen, Station Engineering Officer, 
and R. H, Van Horn, who is Shop 
Superintendent, While the command- 
ing officer and his assistant engineers 
are Air Corps officers, the Shop Super- 
intendent and the balance of the per- 
sonnel are civilians who have qualified 



for their jobs through federal civil 
service examinations. Civilian employ- 
ees have doubled in the past eight 
months due to the increased volume of 
work flowing through the depot. The 
engine overhaul shop is now operating 
on two shifts per day, and the machine 
shop and sheelmetal departments have 
so much work they are running on 

Work at any Air Corps depot is 
complicated because of the many dif- 
ferent kinds of airplanes and engines 
being serviced. In a commercial air- 
line shop there are seldom more than 
two kinds of engines to be overhauled. 
-At Duncan Field in February there 
were more than IS different types of 
engines sent through the shops. As the 
photographs indicate, everything front 
Link Trainers to Flying Fortresses may 
come in for repairs or alterations. Both 
the pilots and the mechanics at .Air 
Corps flying fields have great confi- 
dence in the work of the depots — a con- 
fidence that over llie years has been 
justified. 








Batbtubf for lha 8-l7'a 

Duncan Field is more ih.in a main- 
tenance base — it is a small aircraft 
factory. It has the skilled workmen 
and etjuipmenl to build or rebuild 
almost any kind of airplane. The early 
versions of the famous Boeing B-17 
are now four years old. To bring 
them up to the perfection of the B-I7-D 
series now coming off the Boeing 
assembly lines, mechanic.s at this base 
are making a number of changes, 
some of which are shown here. 

The blister on the fuselage roof is 
being removed and a new cover is 
being streamlined into llie forward sec- 
tion. Side blisters are coming off to be 
replaced by flush windows. Greatest 
change is the addition of the bathtub, 
shown in these photographs. 




Wily the maebonlee coll them bathtubs. Desiqni aad pfUilt were worked out coopers, 
tleety belwseo Wrlqbl Field and the Boelnq tdclory. Alt work en the buUdinq and Inetal, 



Old-style hlisters beloq reaoyed Irani the 
sides of the Flying Fortresses. 
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GROUND STATION DIRECTION 


Europe and the United States have employed two different systems 
of air navigation. In the possibility that navigation by triangula- 
tion will be used in this country as in Europe, United Air Lines 
has been studying equipment for the most efficient operation. 


By Peter C. Sandretto 

Superintendent Radio Communications Laboratory, United Air Lines 


W HEN commercial flYiiig began in 
Europe, large cabin planes were 
placed in service and the Europeans 
decided on a radio navigational system 
which closely followed the system which 
had been used on shipboard. Each 
plane had installed on it a long-wave 
transmitter and carried a radio oper- 
ator. Whenever the captain of the 
plane wanted to know his position he 
wrote a message on a piece of paper 
and passed it to the radio operator. The 
radio operator in turn requested a bear- 
ing report from the ground stations. 
The ground stations using conventional 
direction finders took bearings on the 


plane and advised 
the radio operator 
(by radio tele- 
grapbyj of the 
plane’s position. 

In this country, 
however, commer- 

begun by flying the 

motored planes eni- C. Soniir»iio 

ploying a single pilot. The European 
method was obviously too cumber- 
some and unworkable when the plane 
had only one crew member so 
the present radio range system op- 


erating on low frequencies was 
evolved. In order to have transmission 
over long range without the use of a 
trailing wire antenna (eliminating the 
necessity for the pilot manipulating a 
hand reel) the plane’s radio transmitter 
was telephonic and m.-ide use of the 
medium - high - Ionosphere - propagated- 
frequencies. As commercial aviation 
developed in the United Slates it be- 
came apparent that it would be very 
desirable if the position of the plane 
could also be checked by the dispatcher 
on ihe ground. There is one case on 
record where a pilot, in order to avoid 
a storm flew higher and higher until 
he reached an altitude where his think- 
ing processes were so handicapped that 
lie was no longer able to navigate the 
plane and he was saved only because 
of instructions issued to him by tlie 
ground crew. Of course, oxygen is 



supplied to all pilots and the above inci- 
dent would not occur for the same 
reason now, but it is consistent with 
modern trend of responsibility by ground 
personnel, to provide a means whereby 
the plane’s position may be known from 
the ground and the plane in a measure 
navigated by a ground crew, if nec- 

However, as has previously been 
slated, the plane's transmitter utilizes 
Ionosphere propagated waves and no 
successful direction finder has been 
available. This statement may be a 
surprise to some who have been read- 
ing the magazine articles and noting 
the statements made by various com- 
panies, month after month, announcing 
dozens of different kinds of radio direc- 
tion Anders ranging from simple manual 
operated units to the complex auto- 
matic direction Anders which, as their 
name indicates, give bearings whenever 
the station is tuned in. The reason 
that plane direction Anders arc so com- 
mon and ground direction Anders are 
so rare lies in the waves that are used. 
The aircraft direction Anders rely for 
their bearings on the long-wave sta- 


FINDER 


tions In the beacon (or even broad- 
cast range] but the ground direction 
Anders must rely on the radio trans- 
mitters which operate on waves behav- 
ing far different than the long waves. 
Light waves are electromagnetic waves 
and since electromagnetic waves are 
radio waves we can easily demonstrate 
the difference between long and short 
waves by turning on a desk light Sup- 
pose you are seated across the room 
from a desk light and are asked where 
the light comes from. You can readily 
point to the source of light with your 
Anger because the light comes to you 
directly. Long-waves behave in this 
manner. They come directly to the 
receiving station and consequently And- 
ing the direction from which they come 
is very simple. Short waves, however, 
are absorbed by the ground soon after 
they leave the transmitter. The direct 
ray from the transmitter is generally 
lost completely after it has traveled 
about 30 miles. We can demonstrate 
this by putting a screen in front of 
the desk light just a short distance from 
it. How then do we hear short wave 
transmissions over such long distances? 
We hear these stations because of a 
reflecting layer located some 60 miles 
above the earth and called the Iono- 
sphere. We can demonstrate this layer 
in a light experiment by attaching a 
mirror to the ceiling of the room above 
the desk light, but in such a position 
that we can see the reflection of the 
light in the mirror from where we are 
sitting. It is instantly apparent now 


that assuming we do not know where 
the light is located (someone has 
moved it back of the screen) we have 
difBculty in telling of its location by 
looking at the mirror. The problem, 
however, would not be too difficult if 
the Ionosphere were a fixed surface 
similar to the mirror, but actually it is 
made of ionized gas which moves 
about like the surface of the ocean. We 
can demonstrate this by suspending the 
mirror with rubber bands and attaching 
a string to it whidi the office boy 
jerks about. We can readily see that 
your chances of telling the location of 
the light are now very few. This is 
exactly the problem of direction find- 
ing on the radio waves emitted by com- 
mercial United States planes. 

United Air Lines began a study 
of this problem more than four years 
ago. After a study of current litera- 
ture it was found possible to construct 
direction Anders which had workable 
accuracies most of the lime but occa- 
sionally produced extreme inaccuracies 
(errors as large as 90 deg.). It was 
decided that the most practical system 
was one which rather than giving 
highly accurate bearings would never 
five high inaccurate bearings. Many 
systems were tried. One of these used 
a large Adcock array which rotated 
10 the bearing of the station while 
an averager averaged the bearings from 
the oscillating layer. While the accu- 
racy from this device seemed excellent 
under certain conditions it was not 
(Tnm to pope 150) 
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CONVEYOR BELT SYSTEM 

Pratt & Whitney's new engine assembly plant employs a con- 
veyor belt system to feed the line. This mass production method 
is reflected in their production rate of 1,000,000 hp. per month 
andadailyincreaseof tenpercentinairplone engine production 


E ngine production reached 

a new level of more than 1,000,000 
hp. per month at Pratt & Whitney Air- 
craft when the new assembly building 
was opened recently at the East Hart- 
ford Plant. For the first time a con- 
veyor belt was installed as an integral 
part of the assembly line and serves as 
a fundamental unit in the line produc- 
tion process now operating in the plant 
This conveyor belt system is a 
niethod of supplying the assembly lines 
with the necessary finished parts, and 
to do this travels a rather intricate 
course back and forth throughout the 
length of the building. 

Known as Plant "F" the new addi- 


tion includes more than 330,000 sq.ft, 
of manufacturing floor space entirely 
devoted to engine assembly operations. 
The addition of this to Pratt & Whit- 
ney’s already greatly expanded plant 
brings the total floor space to approxi- 
mately 1,600,000 sq.ft., and is the last 
of four new factory buildings which 
have bene completed within less than 
two years. Incidentally the "F" is the 
same size as the entire P&W plant 
was two years ago. It was built specifi- 
cally to increase engine output for 
the Army and Navy under the National 
Defense Program. 

The conveyor belt system was de- 
signed with the idea of supplying the 


assembly lines with parts for 400 en- 
gines in various stages of completion, 
is almost a mile long and can carry a 
live load of 65,000 lb. at speeds of 
from 10 to 35 ft. per min. Power is 
supplied by two 3-hp, motors. At 
present Pratt & Whitney is producing 
in mass production four models starting 
with their Wasp Jr. at around 450 hp. ; 
then the Wasp at around 600 hp. ; the 
Twin Wasp Jr. around 850 hp. ; the 
Twill Wasp at around 1,200 hp,; the 
Double A\'asp at 1,850 to 2,000 hp. 

During assembly, engines must flrst 
undergo “green” assembly which is the 
first assembly of the motor, and the 
conveyor belt ivas installed to supply 
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this line. When they come off the 
green assembly line the engines arc 
taken by an overhead monorail system 
through a 900 ft. passageway into the 
test houses and put through their 
initial run-in. The new plant “F" 
assembly building has two 128-ft. 
bays and off this a two-story 64-ft. 
bay with a mezzartinc containing 
storage racks and bins, which are on 
both this and the main floor. Next to 
this bay, and traveling lengthwise in 
the building, are the two green assem- 
bly lines; one for the Wasp Jr. and 
Wasp, single-row engines and another 
for the Twin Wasp and Double Wasp, 
twin-row engines. Then comes an aisle 
dividing the plant and on the other 
side are tear down an' 
benches, the final assembly li 
the shipping department. 


Conveyor Boll Syslera 

The end of this building has been 
attached to the end of the main plant 
so that it is located at the end of the 
production lines. It is at this end of the 
main building that the conveyor belt 
system begins. From the illustration 
the overhead installation with hanging 
pans can be seen. These pans are 
loaded with the finished parts in the 
main building, which is at the left end 
in the photograph, and to the pan is 
attached the correct storage bay num- 
ber for that part. The conveyor bell 
then travels to and along the mezzanine 
floor of the storage bay. At the far 
end it passes down to the main floor and 
back along the downstairs storage bins. 
While doing this, the finished parts 
from the main plant are taken off and 
the correct number of finished parts 
to feed the assembly line are loaded 
on, together with a corresponding 
number for the right station on the 
assembly floor. 

The production control department 
knows exactly how many parts should 
be sent to each department, and at what 
time, to keep an even flow of engines 
down the assembly line while not over- 
crowding any one station with excess 
parts. Thus when the conveyor belt 
has traveled down along the mezzanine 
and back past the main floor storage 
bins it has supplied the store rooms 
and has taken on from them supplies 
for the production line. 

The belt then makes a hairpin turn 
and the pans are conveyed back along 
the subassembly line starting at the 
final end and moving up-current to the 
beginning. Perpendicular to this section 
of the belt run small subassembly lines 
which feed, in herringbone fashion, to 
the double-row green line. When the 
belt has reached the beginning of the 
line it swings up to the ceiling across 
the building and back down along the 
{Turn to page 1241 








WHY A REAR ENGINE 


Part II of this article describes the problems met and overcome in 
the extended drive shaft engine installation of the Bell P-39 


By Robert J. Wooits 

Chief Design Engineer, Bell Aircraft Carp. 


|$ei forth in Part I, AVIATION, 
March 1941 p, 36.) it appeared that 
a neiv solution to the problem of 

for single-engined military airplanes 
if they were to provide all of 
the desired characteristics. It was ob- 
vious for even first considerations that 
some of the equipment ordinarily in- 
stalled in the nose of the fuselage of 
the airplane must be relocated in some 
other place in the airplane. The pro- 
peller, the tricycle landing gear nose 

quired in the nose under any circum- 
stances and it appeared Chat the biggest 
gain could be made by moving the 
engine from the usual position in the 
nose to a position amidships of the 
fuselage. An extension drive shaft 
would be required, to carry the power 
from the engine to the propeller. This 
arrangement would permit the installa- 
tion of the required equipment in a 
smooth clean bullet-shaped nose with 
a minimum of complication. It would 
[wmiit satisfactory wheel base for the 


located aft of the pilot the design would 
permit also maximum vision for the 
pilot, especially forward and down in 
the critical areas used in military oper- 
ations. It would provide an arrange- 
ment wherein the bulk of the engine 
and its installed equipment would not 
necessarily govern the design of Che 
airplane structure. Such an arrange- 
ment has most desirable advantages and 
facilities for improved installatioa 

making this change. Preliminary in- 
vestigations and engineering layouts 
made to check the arrangement indi- 
cated that satisfactory balance and a 


good installation of all the required 
equipment could be obtained. How- 

three problems ; first, on a suitable type 
of structure to provide the necessary 
strength with lightness while afford- 
ing adequate accessibility to the power 
plant and other installations; second, 
the problem of developing a suitable 



extension drive shaft to conduct the 

the propeller in the nose of the air- 
plane, and last, but not least, solution 
of the problem of vibration resonances 
occurring in the aircraft structure from 
impulses generated by the engine, 
propeller or drive shaft. These prob- 
lems were all really one, "how to 
develop a satisfactory extension drive 
shaft installation.” 

The airplane preliminary design in- 
dicated that a shaft approximately 120 
in. long would be required to connect 
the engine and propeller. Since the 
airplane manufacturer was not equipped 
to furnish the engine and drive shaft 
equipment, a partnership type of devel- 
opment was necessary with the Allison 
Engineering Co., the engine manufac- 
turer. Allison would build the engine 
and drive assembly and Bell Aircraft 
Corp. would furnish the supporting 
structure, with both the power plant 
and aircraft projects being coordinated 
through the Materiel Division of the 
Air Corps. 

Careful work in the preliminary de- 
sign stages on both the power plant 
and airplane was required to insure that 
the basic design conditions, which were 
critical, were properly determined and 

established. Without the whole-hearted 
support and cooperation of all parlies 
concerned the job could not have been 

Extension shafts are not new in that 
they have been previously used in 
numerous airplanes in England, Hol- 
land, Germany and in the United States, 
but extension shafts have never until 
now been adopted and used on produc- 
tion aircraft of any type. Their use 
has been confined principally to experi- 
mental types of airplanes. Informa- 
tion available indicat^ that reasonably 
satisfactory operation had been ob- 
tained from the extension shaft instal- 
lations. but no really satisfactory 
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arrangement had ever received genera! 
use, with one exception. The Bell 
Aircraft Corp. had had previous ex- 
perience with an extension shaft ar- 
rangement on the Bell XF.M-l and 
YFM-1 Airacuda airplanes- In this 
instance the problem was to provide a 
06 in. extension of the propeller shaft 
of an -Mlison engine to drive the pusher 
propellers used on that .airplane. The 

lively simple in that a standard engine 
was used rvith an adaptor flange 
mounted on the regular engine pro- 
peller spline connected to a relatively 
stiff, laixe diameter extension shaft. 

and drive arrangement by the Allison 
Co. resulted in an installation which 

on the new airplane without misgivings. 

Comparing the experience and in- 
formation available on other extension 


on the shaft developed 


and furnished by .Mlison for use on the 
Airacuda, it became apparent two con- 
siderations were included by the -'Mli- 
son engineers in the solution of that 

have not generally been considered in 
other designs. These were, first, ex- 
tremely careful consideration of the 
torsional vibration characteristics of the 
engine and shaft system; second, care- 
ful detail design to permit angular 
flexibility in the drive and to eliminate 
eccentricities from occurring in the 

present It appeared that these two 
factors were the principal differences 
between the very successful Airacuda 
shaft installation and the generally 
satisfactory extension shafts used in 
other instances. On this basis it was 
believed tlial a satisiactorv extension 
shaft turning at crank shaft speed, 120 
ill. long could be developed for the new 
P-39 airplane. 

In conference with -Allison and from 
a study of preliminary shaft designs 
worked out by Mr. R. M. Haten, chief 
engineer of Allison, it was decided that 
satisfactory torsional vibration char.ac- 
ccristies could be obtained and that if 
adequate flexibility could be provided 


in the drive shaft at each end and at 
the center and with concentric bearing 
supports at the flexible joints, a satis- 
factory extension drive shaft of ex- 
tremely light weight and compact de- 
sign could be produced. The reduction 
gear housing were to be removed from 
the engine and the shaft driven directly 
from the crank shaft at crank shaft 
speed. It was proposed that a reduction 
gear unit of 9;5 gear ratio would be 
located in the nose of the airplane pro- 
vided with a hollow offset propeller 
shaft to permit the automatic shell fir- 
ing aircraft cannon to be fired through 
the center of the propeller hub. Drives 
for the machine gun synchronizers and 
a propeller governor were to be pro- 
vided for on the independent reduction 
gear box. The solution looked very 
good and the Allison Engineering Co. 
agreed to develop and furnish for in- 
stallation in the new P-39 airplane a 
IISO hp., type V-1710 Allison engine 
equipped with such an extension drive 
shaft arrangement- This power plant 
arrangement permitted a most compact 
and efliciem installation and ,'tn ideal 
airplane arrangement. 

The new airplane was laid out in- 
(Tun in page 142) 
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PLANT LAYOUT 

AS A FACTOR IN EXPANDING PRODUCTION 

Layout of new plants is a common problem to the en- 
tire aeronautical industry. Here are ways to speed 
production through efficient physical arrangement. 


By C. W. S 


S INCE the beginning of the war 
the aircraft industry, for years a 
steadily growing river of human energy, 
has become like a rising fiood, a raging 
torrent that has overflowed its banks, 
breaking over into the adjtrining flelds 
of many other industries, gathering into 
its hurrying tide a thousand tributary 
streams of active brains and skills. 

But unlike a Mississippi, this rising 
flood of toiling men in the aircraft in- 
dustry has had to be assimilated, organ- 
ised. And not the least of the problems 
of assimilation has been to provide 
places to work and equipment with 
which to work. Each succeeding month 
has stepped up the picture of what plant 
and facilities must be provided to handle 
the increasing load. Each succeeding 
month has proved the earlier steps in 
expansion to be inadequate. Long before 
the end of 1940 the rale of growth was 
outstripping the mere enlargement of 
plants and factories. It had become also 
a matter of building whole new units. 

But whether a parts shop or a factory 
is merely crowding in more machines 
and men, enlarging, or building new 
units, this business of providing places 
for men to work and equipment with 
which to work calls for an essential bit 
of engineering, i.e., plant layout. 

Specifically, the layout of a plant or 
factory is the plan for the physical ar- 
rangement of all facilities and work 
places in the various departments and 
offices. It includes provision for trans- 
portation, storage, parking, etc. It 
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takes into account all activity within the 
organization. As in the setting up of 
so many activities connected with indus- 
try, the creation of a layout requires 
the visualizing of the business opera- 
tion as a whole, the coordination of ad- 
vantages and needs connected with each 
separate function or department. 

Obviously the working out of this 
principle involves making a series of 
decisions, some of which may be com- 
promises. For instance, it is desirable 
to view the layout of operations as ante- 
cedent to the laying down of building 
lines. It is better to lay out the opera- 
tions first and then determine the build- 
ing to enclose them. But circumstances 
may require that the operations be 
housed in an existing building. Or the 
urgency for expansion may require 
that buildings and equipment be con- 
tracted for at once, the layout being 
completed while these contracts are 
under way. Hence plant layout calls 
for ingenuity, the provision for flexi- 
bility to meet unknown conditions and 
the exercise, if passible, of some degree 
of second sight. 

Having deternrined upon what to 
make and how much, to the best of one's 
ability, the next thing to do is to break 
down the parts involved into assembly 
and fabrication operations, and to plot 
the load on a time schedule basis. The 
job shop can develop only a chart of 
its present load and from this and the 
information available from its aircraft 
factory customers decide how far it 
wants to go in expanding through the 
acquisition of more equipment to take 
care of a greater balanced load. The 
engineer undertaking layout work for 
a subcontracting manufacturer or an 
aircraft factory has a more detailed 
job on his hands. But the principle is 
the same. Even though the operations 
are more ramifled and there are many 
more processes, it is necessary to de- 
velop a balanced man-hour or machine- 
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hour load representing the work to be 

In major layouts numerous factors 
must be home in mind. For lack of 
time, lack of men to do the breakdown 
estimating, or for lack of accurate oper- 
ation data, departmental hours on previ- 
ous contracts may be considered all 
that are available. But using them 
directly means creating a layout of 
operations duplicating exactly or in 
multiple the facilities used in the past. 
Increase in volume of planes to be 
built will change the tooling and equip- 
ment radically. Present departments 
may have grown like Topsy, with all 
types of machines on hand. The physi- 
cal arrangement may be awkward in, 
present expanded departments, so that 
the traffic and handling elements may 
have a distorting effect on the time 
values derived from previous depart- 
mental cost figures. Naturally these 
provide no adequate measure of the cFs- 
tribution of time for work on. the vari- 
ous machine tools, benches and other 
facilities. 

On the other hand, if a group of esti- 
mators is set at breaking down from- 
blueprints the operation times on vari-- 
ous equipment for various parts, the 
problem of accuracy must be considered. 
These men must be quite familiar with, 
processes and techniques of manufac- 
ture. Men long experienced in the 
operations involved may have to be* 
brought in to advise them. They should 
have as much assistance as possible- 
from time-study data derived through, 
analyses of characteristic operations. 
Stop watch analysis may also be valu- 
able to develop tables of variations in 
operation times reflecting increases in 
quantities run. Finally, some control 
must be set up to measure the personal; 
factor, that is, how close the esti- 
mator comes to making his estimates 
approximate the times likely to occur 
ill the work when it is performed. 
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For this purpose, ail during the pe- 
riod of building estimates of shop load- 
ing to be used in creating the new lay- 
out, the estimators should be given 
blueprints of work currently routed 


the present shops, and a loading chart 
by operations maintained on this block 
of work as a control. As described in a 
previous article on loading charts, it 
is quite practical to check the actual 
times taken on such operations and to 
develop a correction factor for each 
operation group. By obtaining this 
trend of variation between estimated 
and actual times on a volume of work 
smaller but sufficient to show results, 
say once every two weeks, and apply- 
ing this "calibration factor" progres- 


sively to the dated estimates for layout 
purposes to fit the improvement which 
occurs as the estimator realizes his 
deviations in estimating various oper- 
ations, the final time data for budget- 
ing ihe load on the new plant may 
be made reasonably dependable. This 
is especially true if the estimator is 
supplied with procedure data developed 
through time study and analysis antici- 
pating improved methods to be fol- 
lowed in the new set-up. 

Methods analyses themselves are val- 
uable otherwise, since the layout engi- 
neer must have some authentic means 
of diagramming equipment, machines, 
fixtures, tables, work spaces, parts 
storage spaces, tooling services, pro- 
duction control arrangements, etc.. 


which are basic to sound and economi- 
cal operation. 

Loading data arc necessary to deter- 
mine the quantity or extent of equip- 
ment or assembly lines and working 
spaces needed. 

From the development of operation 
diagrams or flow charts, and quantita- 
tive loading data indicating required 
capacity, the next step is to make up 
scale-size paper cut-outs of all space- 
taking units and fasten them down on 
cross-section paper providing the same 
scale. This is obviously necessary in 
the case of machine shops and other 
fabricating departments where the study 
of various sets of parts involves com- 
promise and revision in determining 
the ultimate practical layout 

This use of cut-outs is really neces- 
sary for all departments because co- 
ordination of departments follows deter- 
mination of individual departmental 
layouts, and departments must often 
later be re-shaped in the process of 
fitting them together to create a prac- 
tical flow of work as a whole and of 
bringing into proper contact with oper- 
ations those units of engineering, tool 
design, experimental development, in- 
spection, shop administration and con- 
trol, and other activities which serve 
the work. 

The result of all this care in layout, 
as one man aptly puts it, is that "You 
get a lot more work out of a lot 
less space." 

In operation an expanded or new 
unit is a living thing. To be alive it 
I Turn lo poge 148) 
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W AY back wlicii uirjiUnce ucrc »>till 
using sled runners ami lucvclc wlxceU 
for lauding gear, Goodyear first began to 
maniifaeturc tires specially designed for air 
service. Through close cooperation with 
pioneer fliers we b'ami'd how to build pro- 
gressively bigger and better tires to meet tlieir 
needs on bigger and faster ships. .And because 
we have continued to work in close harmony 
with (lilols. aircraft de-igners and mumifae- 
tiirers. jou will find Gocubear tires today on 
a verv great manN' of tiu' largest Iransjxirls 
aud fastest fighters. To e<joip iliese “hr)l'' tjew 
ships Good) ear offers a I'omplelc line of tires 
of titne-prov<-d durability and safety — together 
with the lut)es, wheels and brakes neeessary 
to a perfectly balanced wheel assembly. Our 
long experience is at your service in suiting 
all lire, tube, wheel and brake problems, Just 
write: Aeronautics Department, Goodyear, 
.Akron. Ohio or ls>s Angeles, California. 
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WESTERN AIR EXPRESS 

CELEBRATES ISTH ANNIVERSARY 


Oldest scheduled passenger airline in U. S. 


O N April 17, Western Air Express 
is flying the mail from Los Angeles 
to Salt Lake City in a Douglas trans- 
port plane, but only the old-timers will 
recognize the Liberty-powered biplane 
in which this historic packet of mail 
will ride. Today passengers in Doug- 
las planes enjoy all the luxuries of the 
most modern transport service, but in 
1926 the Douglas passengers shared 
their cramped cockpit with the mail 
bags, if indeed the mail load would 
permit carrying of passengers at all. 
Much has happened since that historic 
flight in 1926. 

Western Air Express has pioneered 
or operated every airline route now 
flown out of Los Angeles, including the 
short hop service to Catalina Island. At 
one time Western Air operated to San 
Francisco, San Diego, El Paso and 
Dallas, Amarillo and Kansas City, and 
Salt luike City. It also operated a 
Cheyemic-Dcnvcr-Amarillo feeder line. 
Airline history has been made since 
1926 and most of the routes once flown 
by'Western Air are now in the hands 
of other operators. But steady prog- 
ress in building traffic on the main 
San Di^o-Los Angeles-Salt Lake City- 
Great Falls route has brought passen- 
ger, mail, and express totals to new 
highs in all categories, exceeding any 
records made in the frenzied era of 
route expansions. 

And expansion is again the order 
of the day, for WAE has been author- 
ized to extend the Salt Lake City-Great 
Falls line to Lethbridge, .Alberta, Unk- 
ing into the Canadian airline system. 
Other route extensions are sought by 
W'estern Air to provide local service 
to San Diego via San Bernardino, to 
Phoenix via Palm Springs, El Centro 
and Yuma, and a link between Sail 
Diego and El Centro. A Los Angeles- 
San Francisco route is also sought with 
one schedule being flown non-stop, and 
another providing service to both San 
Francisco and Sacramento with local 
stops at Bakersfield, Visalia, Fresno, 
Merced, and Stockton. 

When Western Air inaugurated 
scheduled passenger service in 1926 it 
operated a fleet of six Douglas biplane.s 
which cost $14,110 each- Now it oper- 
ales five $130,000 Douglas DC-3s and 
has four more on order, plus a fleet of 


the Guggenheim 
U pioneered the opera- 
\ Fokker transports 

r vr i les-San Francisco 

pioneering step, far 
in advance of its 
time, was operation of Fokker F-32 
four-engine transports over the same 
route. Airline fare reductions are il- 
lustrated by quoting the original round- 
trip fare between Los Angeles and 
Salt Lake City of $150, against the 
present tariff of but $52.12, The orig- 
inal staff consisted of (our pilots, five 
maintenance men, two clerks, the late 
Harris M. Hanshue, president, and 
Major C. C. Moseley, general manager. 
The present staff consists of 42 pilots, 
100 maintenance men, and 275 other 
employees. Major C. C. Moseley is 


now president of Aircraft Industries. 
Ltd., Curliss-Wright Technical Insti- 
tute, Cal-Acro Academy, and Polaris 
Flight Academy, all of Glendale, Calif. 
Present head of the Western Air Ex- 
press is William A. Coulter, president. 
On April 17, the name Western Air 
Express Corp. will be changed to 
Western Air Lines, Inc. 
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"O ne nation indivisible’, is America's song of industry, echoed by sing- 
ing rails, humming highways and the drone of- air transports overhead. 
In this hour of destiny Douglas is proud to re-double every effort assur- 



ing America's military air supremacy and proud to have built the 
equipment with which our airlines join surface communications to 
get the job done. Douglas Aircraft Company Inc., Santa Monica, Calif. 
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Harvey Directional 
Automatic Radio Control 


A radio "homing pigeon" makes directional flight operation entirely automatic 


W IDELY dcmonstraicii in flight 
tests, the Harvey Directional .Aulo- 
maiic Radio Control lias repeatedly 
shown its .ability to hy an airplane 
along a straight-line course joining anv 
two radio stations, despite cross-wind 
conditions. Operation is entirely auto- 
matic insofar as directional control is 
concerned. ^ The “r navigator 

the control to fly to or away from one 
of the stations, and then leaves the navi- 
gation problem to the radio control 
equipment. 

The r.ldio device, operating on the 
geometric principle that opposite angles 
of two intersecting lines are always 
equal, brings the plane to the ilesirnl 
course and holds it on this course by 
means of a servo motor attached to the 
rudder controls. Xavig.illon is accurate 
to within 1 deg. (or any point on the 
course, and becomes absolutely precise 
as the home station is approached. 
Hunting along the course is eliminated 
by a proportioning system tihicli pro- 
vides ampiihcation inversely propor- 
tional to signal strength. Thus a plane 
10 deg. off course receives twice the 
rudder action It is given when only 
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deg. off course, and as the plane ap- 
proaches its true course rudder action 
is proporti<jnally decreased uiui) it Hie-. 


directly towards the transmitter. 

However ’‘straight ahead" may actu- 
ally mean tliat the plane is crabbing 
sharply along the course in order to 
correct for wind drift. This action is 



entirely automatic. 

In theory and construction the 
Harvey Radio Directional Control is a 
combination of two "homing" radios. 
Either of the two radios may bo used as 
an ordinary homing device and will fly 
tlie plane directly to the station selected, 
though not on a straight line. 

When both sets are used the plane 
m.ay be flown along any straight line 
intersecting two selected stations, 
whether these stations arc both ahead 
of the plane, both behind it, or one on 
either side. In oper.ation the two re- 
ceivers are connected through a balanc- 
ing circuit so that one signal is opposed 
to the other, .^s lung as the plane is 
on course the difference between the 
two angles formed by the intersection 
of the plane's longitudinal axis with the 
line of the course will be aero, no matter 
how the plane may be headed to correct 
for wind drift. .\s soon as the plane 
departs from true course these angles 
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Drop Hammer Technique 

Drop hammers are an important factor in mass production. Equally important is 
how to use them. Here are some facts and figures on the operation at Lockheed. 


By J. S. J. Hlobil and J. A. Petrie 

Engineering Deparfmeni, Lockheed Aircraft Carp. 


E veryone in llie aircraft industry 
knows about drop hammers and the 
increasing role they play in putting 
over the production program. Lock- 
heed Aircraft alone has installed, in 
a new building erected for this purpose, 
a battery of eleven drop hammer 
presses, of which ten are rope drop 
hammers of Lockheed design, and one 
a Chatnbersburg Ceco Stamp, pneumati- 
cally activated. 

.As it is, therefore, alre.idy an im- 
portant soldier in national defense, the 
basic principles of drop hammer form- 
ing and technology, and die-cast mak- 
ing. need hardly be explained. In the 
following article there will be presented 
tlciailed information on drop hammer 
methods, including finishing operations 
on drop hammer p.arts, and design rules 
developed from actual practice. 


To facilitate the flow of sheet metal, 
it is common practice to employ some 
lubricant such as vegetable oils or spec- 
ial drawing compounds. It the desired 
form is such that there exists a possi- 
bility of the nieial tearing or develop- 
ing folds, rubber blocks may be used 
to assist in preforming, and gradual 
working of the material m.ay be neces- 


sary. Ill other cases, progressive draw- 
ing will provide a suitable solution. 
Progressive drawing is achieved by the 
use of stripper rings, wooden lamina- 
tions, or pressure pads. The maximum 
depth of drawing is contingent upon 
successful control of wrinkles which de- 
velop in tlie sheet metal, especially in 
the .area around ilie top of the die. As 
long as tliese wrinkles .are converted 
into a tliicker gage by “siirinking," 
the drawing may continue. The three 
mediums memioned above make possi- 


ble close control over the various de- 
grees of forming. 

Quite often the use of progressive 
dies is advisable as a means of control- 
ling forming, especially in connection 
with severe draws. (See Figs. 1 and 
2.) Progressive dies are simply molli- 
fications of the final die wliich imparl 
some portion of the final shape to the 
sheet metal before it is struck into the 
finished shape. 

Progressive dies are no: particularly 
expensive, owing to tile fact that no 
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p.irticular exactness of dimension or 
contour is required. .Any approximate 
shape that brings the sheet metal a 
step closer to the final shape, avoiding 
undue wrinkling, will be acceptable. 
(.Approximately three preforming dies 
may be made for the cost of one final 
die.) A further advantage lies in the 
fact that preforming dies will prolong 
the life of the expensive final die thus 
making for greater economy. 

Here, the time required to cliaiige the 
dies has to be considered. According 
to the Lockheed industrial engineering 
department, studies made on the drop 
lianimer indicate set-up and tear-down 
average allowances of 27.7 min. 

Tile weight of the punch and die sets 
observed range from 654 Ib. to 7,300 
lb. If the punclt and die sets are classi- 
fied by weight, the following allowances 
are obtained. 


atnn HtMMF/t neso 





Set-up and 

Weights Tear-Down 

Liuler 1,000 Ib 18.7 


1.000 to 4.000 II 



rmishlnq Operations on Drop Hanmior Paris 

Very often, parts formed in the drop 
liammer will require additional finish- 
ing. especially along the edges of 
flanges or in areas where we feel draw- 
ing occurs. These areas arc straight- 
ened by reworking with a hand hammer 
or a speed hammer. Three such speed 
hammers are at present maintained in 
the Lockheed shop. Such “rctoucli- 
iiig" of pans is comparatively simple 
and inexpensive. 

Drop-hammer-formed parts are made 
from annealed stock if the metals have 
a tendency to work-harden, and par- 
ticularly if stainless steel is used. It 
is quite often necessary to anneal parts 
one or more times before the final shape 
is readieil. Parts made from annealed 
metals having heat-treatable character- 
istics are heat-treated to the desireil 
strength after forming. 

After heat-treating drop-hammer- 
formed parts, it is general practice to 
restrike immediately these parts before 
the material can develop its full hard- 
ness. This is necessary because of a 
tendency of tite formed parts to warp 
out of shape during heat-treatment. Re- 
scriking insures that finished parts will 
correspond to tlie contours of the sine 
or kirkstic dies. 

Contmry to hydro-press practice, 
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Home Defense 



1'hic PaperHornet is really a g(*xJ-naturevi creature, con- 
tent to buzz around of a summer's day looking for his 
dinner. But nobody in his right mind would deliber- 
ately invade a hornet's nest. Mr. Hornet long ago devel- 
oped aerial home defense tactics so effective that he rarely 
is called upon to fight- 

But it is not only his sting that earns him the respect 
of the world— for many insects carry weapons. He is 
also an amazing flyer. He has the power to take off m a 
second, quickly gain altitude and execute a neat power- 
dive to intercept the attacker before he quite knows 
what struck him. 


Just as the power of his wings aids the hornet in the 
defense of his home, so too may more powerful engines 
aid in our own defense. The more power .American engines 
can deliver for every pound of weight and gallon of fuel, 
the more readily can we resist attack. 

Since increased power must come through refinements 
in fuels and engines, the Ethyl Gasoline Corporation re- 
gards the research work which its engineers are privileged 
to conduct in cooperation with aviation 
technologists as being of the utmost im- 
portance. We regard the technical data 
constantly being developed as an essen- 
tia! link in our national defense armor. 
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Zoe/uf itttpodUant aircraft 
engine maeJe in the United 
States uses M-R-C Bearings 
in the most vital positions. 


M-R-C BALL BEARINGS 
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By H. V. Shebat 

Test Pilot. 

Wright Aeronauticol Corp, 

Dynamic engine suspension 
has been in use for 
years. Here is o story on 
basic theories and why 
was designed. 


Dynamic Engine Suspension 



E ngine mounts of ten years ago 
were as rigid as it was possible to 
make them. No elasticity was inten- 
tionally provided, and the severe re- 
sponse lo vibration extended throughout 
the entire operating range. For the 
past several years it has been a general 
practice to intentionally provide some 
elasticity in engine mounts. This has 
been done by means of rubber bushings 
inserted either between the engine and 
the mount or between the mount and the 
airplane or both. 

When elasticity is built into a motor 
mount, one basic requirement must be 
niet. The engine must be held in one 
position firmly enough to permit satis- 
factory attachment of the plumbing, the 
controls, and the cowling, and also to 
tr.ansmit the thrust. The methods of 
using rubber cushions (compression and 
shear units) for this purpose are many 
and varied, but all of them meet this 
one basic requirement in the same 
manner — the location of the engine as 
a whole is fixed by giving a fixed 
location to each point of attachment. 
Thus the engine cannot move fore and 
aft as a wliole or in any part; that 
is, it has little or no rotational (yaw- 
ing and pitching) elasticity. The 
elasticity provided is not such as to 
prevent transmission of vibration excit- 
ing forces which appeared as couples 
or as forces applied away from the 
center of gravity. 


So any force tending lo shake tiie 
engine, up and down, or sideways, also 
tends to rotate it in yaw or pitch, 
unless the force happens to be applied 
at the center of gravity. Conversely, 
any force tending to produce yaw or 
pitch also tends to produce a shaking 
force. This condition is technically 
known as “elastic coupling". If the 
rotating tendencies are divorced from 
the shaking tendencies, each can be 
treated separately by the designer, and 
we have a condition known as “de- 
coupled", 

111 order to understand the coiidi- 


and the safe attachment of all plumbing, 
controls, cowling, etc. 

Conventional motor mounts have 
flexibility introduced to permit torsional 
vibration to exhaust itself, but they 
have rigidity built in to resist vibra- 
tion ill yaw and in pitch. This resist- 
ance not only transmits to the plane 
structure the forces lending to produce 
vibrating in yaw .and pitch, but within 
the power plant it converts these forces 
— excitation of yaw and pitch — into 
shaking forces and vice versa, thus 
iiiukiplyliig the frequencies at which 
exciting forces of every type appear. 

•\bout three years ago the increasing 
power per engine and per cylinder made 
it necessary to seek a better answer 
to the question "What can he done 
{Titnt to tage 152) 
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Thread Cutting 
Screws For 
Fastening 


By J. B. O’Connor 

Sales Engineer 

Shoksproof Lock Washer Company 


T -1KI^AD-CL'TTIXG >crcws, lon^ re- 
gardiKl as ideal for many primary 
fastening's in the manufacture of auto- 
mobiles, rail cars and other vehicles, 
may, on llie basis of recently concluded 
tests, find their usefulness vastly ex- 
panded in their most recent field of 
operation — aircraft construction. Tliesc 
tests bring to light certain interesting 
results by making a comparison between 
the holding ability of thread-cutting 
screws and aluminum alloy rivets. 

•Although this type of screw ha.s al- 
ready been approved for secondary or 
non-vital attachments in government 
aircraft, acceptance in the industry for 
primary or semi-critical joints has 
lagged, laiy;cly because of the lack of 
comparative data. Not to be confused 
with the wood-screw thread type of 
sheet metal screw, the thread-cutting 
screw laps standard machine screw 
threads in metal that has been pre- 
viously punched or drilled, and provides 
secure fastening by virtue of its tight 
fit in these threads- 
Recognizing the need for cautious 
procedure in studying the problems 
peculiar to aircraft construction, utmost 
care was taken in developing a series 
of tests calculated to provide data bear- 
ing on joint failures due to shear, axial 
tension, and vibration. 

Test joints were made to represent 
attachment of fuselage or wing skin tn 
rib or stiffener members. Because of 
apparent aerodynamic advantages of 
flush fastenings and the existing data 
on flush riveting it was decided to test 
only countersunk or dimpled fastenings. 
The selection of joints was made witli 
two objectives; first, the joints repre- 
sented primary fastenings, and second, 
they were in a range of matcri.il thick- 


ness critical for screws. Thin aluminum 
alloy m.iterials were used, since attach- 
ments in thicker sections wouhl obvi- 
ously show advani,iges for the rela- 
tively stronger steel thread-culling 
screws over aluniinuni alloy rivets. Such 
tests would then illustrate the compara- 
tive integrity of this type of '‘threadeir 
fastener against "upset” or "headed" 
fasteners. 

The screws used were of a type hav- 
ing a single thread-cutting slot. Iliev 
were made of X-1020 S-AE steel, heat 
treated and cadmium plated. The struc- 
tural metal used was 24ST -Alclad alu- 
minum alloy and two thickness ranges 
employed; skin .017 in. thick fastened 
to stiffener .024 in. thick, and skin .020 
in. thick fastened to stiffener .032 in. 
thick. Rivets used were .AN’-425, .A17S 


aluminum .nlloy, 3/32 in. and k 'n* 
countersunk rivets were compared with 
No, 4 and No. 6 flat head screws. 

The performance of tests adhered as 
far as possible to accepted methods. 
.Axial tension tests conformed to the 
method advocated by tlie U. S. Bure.iu 
of Staitdards and the U, S, Army .Air 
Corps. .Shear tests were made in a 
Tinius Olsen tension machine in a regu- 
lar manner except that standard ser- 
rated wedge type jaws were replaced by 
jaws which formed a semi-circular 
holding bead in the test strips. This in- 
itovation allowed pre-gripping of the 
aluminum alloy test strips before the 
pull loads were applied — thus eliminat- 
ing slippage. 

-All axial tension and shear tests were 
continuously recorded as elong.stioii oc- 
curred under load. Two typical load 
elongation curves arc shown on the 
accompanying diagram togetlier with 
the maximum ultimate loads held by 
riveted and screw fa.stened joints. 

Comparisons were intended between 
standard screws and rivets having 80 
deg. head angles; but additional test 
data is included showing performance oi 
screws 'vith 100 deg. head angles. 

.A method of producing failures by 
vibration was a matter of concern, but 
the eventual decision was to produce 
vibratory stresses extreme enough to 
cause fairly prontpt failures. Test strips 
provided for equal load distribution be- 
tween two joints: one joint fastened by 
{Turn to pane 158) 
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Be/ere a Wright Erig/Ne is assenbietl. 
nearly 4S,000 mecbaHical inspeetims a! the 


Under a trained eye and a jeweler’s glass this Cyclone 
crankshaft is facing a searching examination which 
climaxes 8S0 pre-assembly inspections — inspeoions 
which insure flawless material and precise dimensions. 
Approved, it must prove itself still further on the test 
stands before final acceptance. 

With more chan 1,200,000 H. P. a month being produced 
— a figure which will be doubled during 1941 — there has 
been no relaxing of vigilance, no compromise with quality. 
Six great Wright plants are engaged in unprecedented 
mass production... of the finest aircraft engines possible. 


WRIGHT 

ENGINES 



Issuei 


Somewliet'e in 


At the dispo5al of the Americon Induitry, 
for any form of co-operotion they may 
require, here in democracy's outpost. 


HALF A CENTURY OF 


KEEPING FAITH 



Curtiss 

Navy Dive Bomber 


Built for shipboard operation 
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ACUDA ARE THE EXTENSION SHAFT.MOUNTED FRO 
FEUERS, ORIVEN FROM REMOTE ENOINE 

jfc*-’--- ->> . 


S WIFT in aclioii, deadly as its namesake, the Bell 
Airaciihra, uilh an aircraft cannon firing through 
the hull of a specially designed Curtiss Electric Pro- 
peller, is an clIectiT e iictv n eapon of defense. 

Designed for high performance and nianenverubility, 
the P-39 ofids new fighting power to the U. S. Army 
Air Corps and the Rojal Air Force. 


CntTI.SK I'llOl’KI-l.ICK IIIVIKMIA’ 

Curlh$-nnght Corpnnilion . CALHW ELL, NF.W JE ItSEV 
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CIRRUS 


ENCINES- 


MAJOR AND MINOR 

Many pre-war English lightplane engines are 
serving a vital purpose in their present training 
program. Two such engines ore the Cirrus Major 
and Minor, oi inverted air-cooled in-line design 


T he four-cylinder, inverted in-line, 

air-cooled Cirrus Major and Cirrus 
Minor engines manufactured in Eng- 
land by the Cirrus Engine Department 
of Blackburn .Aircraft Ltd., are well- 
known for their achievements in small 
airplanes. Due to its greater power 
output, the ISO hp. Cirrus Maj'or is 
more extensively used than the 90 hp. 
Cirrus Minor at the present time. The 
Cirrus Major is used in Miles Magister 
trainers supplied to the Royal Air Force 
and it also powers the Percival Gull, the 
General Aircraft Cygnet and the new 
General Aircraft Owlet day-and-night 
trainer equipped with tricycle landing 
gear. 

The construction of the two current 
models of the Cirrus is conventional. 
In the case of the Cirrus Major, the 
crankcase is made of R. R. 50 Hidumin- 
ium (aluminum alloy) and there is a 


domed cover plate of Elektron (mag- 
nesium alloy). The cylinder barrels 
are machined from steel forgings with 
cooling fins and have a flange on each 
end. One flange is used to attach the 
barrel to the crankcase with four studs 
and nuts while the other one on the 
opposite end of the barrel has twelve 
studs for attaching the aluminum alloy 
cylinder head. A laminated copper 
washer has been found to be quite sat- 
isfactory for making a gas-tight joint 
between the steel barrel and the alumi- 
num alloy head. 

The crankshaft with its four throws 
is machined from a nickel-chrome vana- 
dium steel forging. It is carried in 
five plain bearings and has a large 
diameter thrust bearing at the from end. 
It is drilled for pressure lubrication and 
carries a starter engagement pinion on 
its rear end. The connecting rods are 


machined from Hiduminium L. 40 forg- 
ings of heavy section and are lilted with 
while metal steel-backed bearings in 
their big-ends. The pistons are made 
of "y" aluminum alloy and are of the 
slipper type with floating piston pins. 
Two compression rings and one oil 
scraper ring of the tapered type are 
fitted to each piston. The camshaft 
for the valve gear is carried in live 
plain bearings. 

The valves, one for inlet and one for 
exhaust, are actuated by means of solid 
duralumin push rods with steel ball 
ends. The valves function in phosphor 
bronae guides with a nickel-chrome seat 
for the inlet valve and a Monel metal 
seat lor the exhaust valve. All of the 
valve rocker mechanism is enclosed with 
the cylinder head forming one-half of 
the valve rocker arm box and an Elek- 
tron cover plate completing the en- 
closure. Each valve rocker arm has a 
cupped end containing a hardened steel 
ball with a flat which contacts the end 
of the valve stem. The ball is free to 
rotate in its housing so that it presents 
a large wearing surface. Valve clear- 
ance is maintained by making the ball 
cup adjustable. 

Carburatiort is provided by a Claudel- 
Hobson AI-48G downdraft carburetor 
equipped with an independent altitude 
control. Gasoline is fed to the car- 
buretor by an Amal duplex pump fitted 
(Turn !o page 156) 
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THE P-38 INTERCEPTOR 


O NE of the most imerestiiiit airplanes 
being; produced in the United States 
today is the Lockheed P-3S- From both 
a desifin anEle, and because of its po- 
tential iniliinry value to U.S. and Great 
Britain, this ship is beinE watched with 

Top speed, according to reports from 
England, is 404 in.p.h. at 16,000 ft. 
Range is 600 miles with the ship cruis- 
ing at 350 m.p.h. Service ceiling is 
30,000 ft. Wing span is 52 ft.; length 
is 37 ft., 10 in, : wing area is 327 sq.ft. 
Weight empty is 11,171 lb., and gross 
weight is 13,500 lb. 

The interceptor pursuit is a distinctly 
receiit type of combat plane. Only in 
the past few years have bombers been 
last enough and al)!e to fly at sufficiently 
high altitudes so that a defending force 
needed a fighter craft able to get off the 
ground in a great hurry and have climb- 
ing ability great enough to intercept 
bombers before their objective was 
reached. 

In its P-38, Lockheed has one of the 
fastest climbing fighter ships now in 
service. Its two .Allison engines will 
climb it at the rate of 2,860 ft. per min. 
.And when it has bored its way up into 
the high altitude to meet the oncoming 
botnbers, it has plenty of firepower to 
be effective. On the prototype ship 
ordered by the British there was a 
cannon in the nose and four machine 
guns in the wings. Rucnor has it that 


die British are putting in an aildiiional 
cannon, and that it is being built for 

ret. Information on the equipment 
for U.S. planes is reslricted- 

The first production model came off 
Lockheed's assembly floor recently. 
This is one of the ships for which real 
production orders have been placed by 
our .Air Corps and England, also, has 
ordered it in quantities. The British 
order Is reported to be nearly 1,000. 

This type of airplane has not only 
presented new problems to the design 
engineer but it is offering new obstacles 
to the pilots who will fly it. In most 
pursuit ships die climbing speed is 
gradual enough so that the pilot gets 
accustomed to the thin air as he reaches 
high altitudes. The P-38 climbs so 
lapidly that, in the case of Lockheed’s 
test pilot at least, it was dtouglii wise 
to ’'supercharge" hint. 

To prepare for his test flights, Milo 
Burcliam of Lockheed inhaled pure 
asygen for 30 min. while lie was taking 
exercise. Tlie combination of oxygen 
and exercise eliminated approximately 
50 percent of the nitrogen in liis system. 
It is the nitrogen that expands to form 
bubbles in a pilot's tissues and blouti 
.-treani if he reaches great altitudes too 
rapidly. This condition is known as 
the “tands.” 

On the advice of the Mayo Clinic, 
Lockheed built a decompression room 


next to its test hangar at Union .Air 
Terminal. Burbank. In the room was 
a bicycle exercising machine, oxygen 
cylinders, inlialation apparatus, oxygen 
fittings and flasks. Burcham donned 
the inlialation apparatus, which con- 
sists of a na.sal face mask, a breathing 
bag .and a rubber tube connected with 
an oxygen cylinder. 'Then he turned on 
the oxygen and began to pedal the 
bicycle. By the time he had ridden for 
30 min. he was ready for the flight. 
Still inhaling only oxygen, he walked to 
the plane, climbed in, and made his 
flight. He did not breathe any "fresh 
air” uiilil his flight was over. 

Some flight surgeons believe that 
combat pilots awaiting a call to fly in- 
terceptors to high altitudes may have 
to spend a half hour in a ready-room 
where they will breathe pure oxygen. 
This would prevent them from getting 
the "bends" during combat fighting at 
high altitudes. 

Marshall Headle, Lockheed's veteran 
chief test pilot, recently said; "Very 
little good is accomplished in develop- 
ing planes capable of high speeds in 
the stratosphere if the pilots are not 
in condition to utilize that speed and 
performance. Reactions are always 
slower .at high altitudes, even with ait 
iidequ.ate supply of oxygen, and speeds 
are greater. -Any further handicap 
could easilv render the pilots virtually 
useless and ieopardiae their safety," 
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OZALID SAVINGS 



SAVES SPACE, 

compact In Oaslgn and 

plant, office or drafting 
room. The Model "F“ as 
illustrated occupies less 
than 16 sq. ft. of space. 



I N rigging your production lor on oll-out effort, 
don’t overlook your print making equipment. A 
back number in the print room is a veritable jinx to high-gear 
performance. 

When your print making equipment becomes a bottleneck, 
it breaks down the co-ordinated steps of production... stonds 
men up . . . lies a knot in your entire operating schedule. 
Don't wait till your reproduction department bogs down. 
Your guarantee of a fast, even flow of prints is the adoption 
of the Ozalid Process. 

The Ozalid Process reduces print making to the two simple 
steps of exposure and dry development . . . completely elimi- 
nates three operations in the old-time blue print process 
and, in addition, provides positive prints, developed dry and 
true-to-scale. 

For prints on the spot ... in a hurry . . . when you want 
them, choose the Ozalid Process. There is a full line of Ozalid 
Whiteprint Machines which do a complete job of print making 
. . . and for those who already have blue printing equipment 
which can be used as a printer, there is a selection of dry 
developing machines. 

Send today for illustrated literature on the Ozolid Process 
and equipment. Free sample booklet of dry developed Ozalid 
prints on request. 



OZALID PRODUCTS DIVISION 


Ozalid in Canada - HUGHES OWENS CO. LTD., Montreal' ' 


GENERAL ANILINE & FILM CORPORATION 

JOHNSON CITY, N.Y. 
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The VECA 35 

A New Primary-Secondary Trainer 

By B. A. Martin, Jr. 

Chief Test Pitot, Vego Airplane Co, 



N OW in production by the Vega Air- 
plane Co., the Vega 35 is an ail* 
metal, low-wing, primary-secondary 
trainer with the clean lines of a racing 
plane. The full cantilever wing carries 
no exterior bracing. The moncoque 
fuselage and the cantilever tail members 
are faired together for improved 
streamlining. 

In the air the Vega 35 handles easily 
and is responsive to the controls. I 
have flown both the prototype and the 
first of the production models. Serial 
No. 101, almost continuously during 
recent months and have put them 
through every possible maneuver. They 
have a feeling of ruggedness that I have 
never before experienced in commercial 
planes, and this is confirmed by other 
pilots who have flown them. Even under 
the highest load conditions I have yet 
to note any deflection of the wings. 

in spite of its ruggedness, the Vega 
35 is a small plane. Its wing span is 
29 ft. 8i in., and over-all length is 25 
ft. SJ in. Gross weight is 1,891 1b- 
Features not usually found in small air- 
craft are incorporated, such as all-metal 


construction, stainless steel firewall, 
steerable tail wheel, turn-over truss 
integral with fuselage structure, mono- 
coque engine mount with quick-remov- 
able engine cowling, and full cantilever 
landing gear. A distinguishing feature 
is the use of "square” wing tips with 
decided lower surface camber. 

Original design of the Vega 35 was 
purchased from North American Avia- 
tion Corp., together with manufacturing 
rights. Vega engineers have made 
numerous changes of a more or less 
detailed nature to further Improve the 
excellent flying qualities of the plane 
and to facilitate manufacture on a mass 
production scale. The plane is desig- 
nated a primary-secondary trainer be- 
cause it is applicable as a primary 
trainer for service pilots, and a second- 
ary trainer for advanced Civilian Pilot 
Training Program students. 

Novice flyers will like the plane's 
responsiveness on the ground and in 
the air, its directional stability, and ease 
of landing with flaps up or down. Ex- 
cellent visibility is provided from either 
cockpit. 


Normal tendency of an airplane in a 
stall is to fall off on one wing and slip 
into a spin. Vega engineers have sought 
to reduce this tendency by improving 
the stall characteristics. When the 
Vega 35 stalls its nose drops straight 
forward without rolling. In addition, 
the pilot is given warning of the ap- 
proaching stall by a slight but unmis- 
takable buffeting of tbe tail group. Con- 
tributing to the unusual stall character- 
istics of the plane is the wing design, 
the undersurface of which, near the tip, 
has been given a concave camber. Usu- 
ally a stall starts at the wing tip and 
results in loss of control of the ailerons. 
Even in a stall the pilot of the Vega 35 
still has aileron control, This is a real 
asset in a training plane. 

Trailing edge flaps are provided on 
tbe “35" in order that students may gain 
the feel of flying a "flapped'' airplane. 
Due to the effective use being made of 
flaps in the new service planes this is 
an important feature. 

The fine directional control character- 
istics of the Model 35 make Its entry 
into and recovery from all snap stunts 
very satisfactory. Spinning character- 
istics are also good, as the plane will 
recover from a six-turn spin, cither 
direction, in from I to li turns after 
the controls are released. 

Engineered to carry power plants 
ranging from 125 to iW hp,, the Model 
33 has a maximum speed of 124 m.p.h. 
at sea level when fitted with tbe 
Menasco D-4 engine of 125 hp. Cruising 
speed is 112 m.p.h., landing speed 48 
m.p.h., rate of climb 725 ft. per min., 
service ceiling 12,500 ft., and range at 
73 percent of power, 312 miles. 

Designed to give dependable and eco- 
nomical service, all well as for rapid 
production, the “35” has a sparless type 
cantilever wing in which all loads are 
carried by the skin, properly supported 
by lateral stiffeners and internal ribs. 

Cockpits are fitted with duplicate sets 
of flight and, engine controls, instru- 
ments and toe-operated brakes, adjust- 
able parachute-type seats, seat-back 
cushions and bead rests. 






• Sharply increased production o£ our full 
line of aircraft controls and accessories has 
in no way affected the painstaking precision 
manufacture chat has always characterized 
American Cable products. In many ways our 
control equipment exceeds Army and Navy 
specifications. We have been, and always will 
be “In Business for Your Safety." 

AmericanCable control assemblies ace avail- 
able in galvanized, tinned or “KOR5DLESS" 
stainless steel. The strand and cable, being 
preformed, have exceptionally high resistance 
to bending fatigue. They can long endure the 
torture of small diameter sheaves and so last 
th^ life of the plane. They can be fitted with 
the“TRU-LOC"endattachraents, either stand- 
ard or especially designed. TRU-LOC termi- 
nals are compaa, reduce weight and eliminate 
the stretch found in thimble splices. They are 
the most efiicienc cable terminals made. 

Specify American Cable controls and fit- 
tings for assured dependability. Write for 
literature and prices. 

AMERICAN CABLE DIVISION 

AMERICAN CHAIN & CABLE COMPANY, INC. 

E. PENNSYLVANIA 


AMERICAN CABLE 
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• A discarded match in the wrong place- 
through carelessness or treachery — could make a big dent 
in your plant's defense program. It is a natural step in 
meeting your schedules to take practical measures 
against such "bad luck"— especially when the first step 
is as simple as this — 

Tell your secretary to drop us a line asking for the Cardox 
Data File explaining in lull this simple way to overwhelm fire. 


CARDOX CORPORATION • Bell Building • Chircgo 
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Franklin- 

Powered 

Culver 

From the Culver Aircraft Corpora- 
tion comes announcement of the 


T he horsepower ol the Culver Cadet, 
manufactured by the Culver Air- 
craft Corporation, Wichita. Kansas, 
has been increased from 75 hp. to the 
present 80 hp. Franklin aircooled en- 
gine. With this new addition several 
new pieces of equipment have been 
added including an electric starter, a 
motor driven generator, and a large 12- 
volt battery. This model, as in the 
previous model Cadet, has a retracta- 
ble landing gear, is equipped with 
navigation lights, all of which have been 
included with standard equipment at 
no extra cost. In addition numerous 
changes have been made in the interior 
of the ship including a two-tone color 

Specifications for the ship are; span 



new Model Cadet powered by an 
80 hp. aircooled engine with added 
equipment and considerobly im- 
proved operating performance. 




The photosruphs ihow lha new Franklin Inslalled In Ike Culver 
ond Ike plane's clean lines when Ike landing gear is reltacled. 


27 ft., overall length 17 ft. 8 in., overall 
height 5 ft. 6 in., landing-gear tread 
79 in., and has a wing loading of 10.88 
Ib. per hp. 

Tile spars of the wings are of lam- 
inated spruce and the construction is 
wood ribs over which is fabric cover- 
ing. The fuselage is of semi-monocoque 
construction, and uses a Culver Oleo 
spring landing gear shock absorber, 
and it also has a wheel tail unit. The 
retractable landing gear uses Hayes 
wheels site 500x4, The standard equip- 
ment includes an oil pressure gage, oil 
(herniometer. air speed, altimeter, com- 
pass, ignition switch, fuel level gage, 
cabin heater and cabin vent, and posi- 
tion lights. 
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FORWARD with AVIATION 


BRAKE LININGS, CLUTCH FACINGS ond FRICTION MATERIALS for 


AERONAUTICAL PURPOSE 


THE RAYBESTOS DIVISION of Ro/besfos MoofioOcn, inc., BRIDGEPORT, CONN. 




Just as Roybestos pioneered in the development of iriclion materials tor 
the automobile, so today Raybestos is actively co-operating with the avia- 
tion industry in supplying specially engineered brake linings, clutch fac- 
ings and frictional specialties of all types for every aeronautical purpose. 

In addition. Raybestos offers plane and engine designers and manu- 
facturers, and airline operators the services of the Raybestos Technical 
Department for consultation, research and development work. 

We invite your inquiries about any frictional product or problem. 
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Dialing the Air Waves with Don Fink 



beacon and weather station band and 
the transmitter, with a power output 
of approximately eight watts, operates 
on any two frequencies falling within 
the 2,500 to 10,000 kilocycle channel. 
Both transmitter and receiver are de- 
signed for complete reniote control 
operation, 

-^ir .Associates also have available a 
complete line of accessories, interphone 
units, remote controls, shock mounts, 
whip antennas, automatic reel antennas. 


with an efficient squelcit circuit for elim- 
inating noise during standby periods. 

The iransiniller-rectivcr for the light 
plane owner weighs lOi lb. complete 
with dry batteries, headphones, micro- 
phone, cables and shock mountings. 
Only three controls are provided, re- 
ceiver volume, receiver tuning, and a 
microphone push-button for controlling 
the transmitter. The transmitter power 
is 21 watts on 3103 kc. The receiver, 
which covers the beacon band from 
200-400 kc, has a reception range of 
from up to 200 miles, in average light- 
plane installalioiis. Complete shielding 
of the receiver ntakes motor shielding 
unnecessary. A whip antenna, with 
loading unit for transmission, is used. 
Dimensions are 41x3Jx71 in. Battery 
life is too hr. for reception, 7 to 8 
hr. transmitting. 

For owners of larger airplanes, 
etiuippetl with a generator and storage 
battery system, the CT-2 aircraft trans- 
mitter and the CR-2 aircraft receiver 
are available. Both units operate from 
the plane’s electriiuil .system. Receiver 
covers the 200 to 400 kilocycle radio 



Air Aisoaolei airplane Iraajinitler rBcalrar 


Learadio AMRL-1 dry call raceiver. diraoUan 
ilndiag ioep and pawar pack 

New Lear Receivers With 
Self-contained Interphones 

The Lear Avia {Dayton, Ohio) re- 
ceivers previously announced under 
numbers AMR-1, .AMRL-1, AMR-12, 
and .AMRL-12 are now available in 
re-designed form, with self-contained 
interphone circuits. The receivers are 
essentially ihe same in frequency range, 
200-400 kc; sensitivity, 3 microvolts for 
50 milliwatts output at 4-to-l signal-io- 
noise; and selectivity, 3 db down 2 kc 
60 db down 12 kc. The AMRL-1 and 
•AMRL-12, whicli may be used with 
directional loops with 50 microvolts 
per meter for 50 milliwatts output, are 
etjuipped with a loop tuning trimmer. 


New Aircraft Line 
Announced 

The trend toward the ultra high fre- 
quencies ill aircraft communication, 
navigation and traffic control was ad- 
vanced recently with the announcement 
by .Air .Associates, Bendix, N. J., of a 
complete new line of transmitters, re- 
ceivers, and send-receive combinations 
for the frequencies above 40 Me. The 
line consists of an aircraft receiver. 
UHR-140A, a matching tr.insmitler, 
UHT-140A, and transmitter and a re- 
ceiver for ground station use. .Also 
available are an aircraft transmitter and 
ground station receiver for the inter- 
mediate frequencies in the 2J and 15 
Me ranges, as well as a transmitter- 
receiver for the light plane owner on 
the 3105 kc, 200-400 kc ranges. Finally 
a transmitter and receiver for owners 
of larger planes, for use on battery or 
generator power, are available. 

Tile UHR-140.A receiver is a two- 
ehannel affair, with provision for the 
use of six crystal-controlled frequencies, 
two in the range 140-144 Me and four 
in the 129-131 Me band. The receiver 
is a ten-tube superheterodyne, mounted 
in a "i ATR" housing, complete with 
dyiiamoior power supply, The com- 
panion transmitter delivers approxi- 
mately 30 watts, ion percent modulated, 
on the same channels. Two similar 
housings are employed, one for the r-f 
circuits, the other the power and niodu- 

The ground station u-h-f receiver is 
essentially the same, except that it is 
equipped for relay-rack mounting, and 
covers the new 140-144 Me band, ft 
weighs 22 lb., is particularly designed 
for traffic control and airport communi- 
cation generally- The ground station 
transmitter similarly designed for rack 
mounting has a power output of 50 

The intermediate range transmitter, 
CT-30, is similar in genera! specifica- 
tions to the u-h-f airplane transmitter 
except that it is designed for the lower 
frequencies. It delivers 30 watts, fully 
modulated, on any of four frequencies 
tn two channels. The companion re- 
ceiver, CR-3G is a single frequency 
crystal-controlled rack-mounted job, 



ttaaanittlar 


Airadio Equipment Racks 

-Airadio, Inc., of Stamford, Conn., has 
recently announced a series of slock 
item radio equipment racks, in all the 
standard ATR sizes. These racks make 
use of the new Cannon aircraft radio 
jacks, at the rear, which accept a simi- 
l.ir plug attached to the rear of the 
receiver or transmitter. Four sturdy 
shockproof mounts are used at the 
corners of the rack, and two rollers 
are placed at either side of the forward 
portion of the frame, to aid withdrawal 
ami insertion of the equipmem. 
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The Most Important Job in Aircraft Prodnction 

The biggfst ptobfem to be solved in uchieving stepped-up aitctaft production is the elimination of the "Bottle- 
Neck" of a possible shortage of parts, tools, and accessories. In Illinois, the second largest metal-working state 
in the nation, industry is geared to high-speed production and quick change-over to quantity manufacture of 
items for which a shortage may develop. The large number of Illinois Manu&cturers already manufacturing and 
equipped to produce the vital parts and tools for aircraft manufacture is an added reason for the choice of an 
Illinois location for new aitctaft plants and branch plants. In Illinois you gain all eight of the factors necessary 
to aircraft manufacture; Good Labor Supply— Available Materials and Parts— Finest Transportation 
Facilities— Strategic Central Location— Ideal Testing Conditions— Plant Sites Near Airports— 
Extensive Research Facilities— Military Training Bases. 

Military, Federal, and Industrial authorities agree that American aitctaft manufacturers and allied indus- 
tries will benefit from locating in the Middle West, away from our vulnerable coasts. Investigate the outstand- 
ing advantages of locating your new plant or branch plant in the State of Illinois. 

Special Confidential Report to Executives 

Write the Illinois Development Council, at Sptingfield, today for a special repoti on tlie advantages of Illinois 
as they apply to the aircraft and parts manufacturing industry. This report will present the facts on labor, raw 
materials, available plant sites, power, fuel, taxes, distribution facilities, and other factors determining the selec- 
tion of a plant location. Your inquiry will, of course, be kept strictly confidential. Write — 

ILLINOIS DEVELOPMENT COUNCIL • STATE HOUSE • SFRINCriELD, ILLINOIS 
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THUMBS UP! 


• "YOU'RE OK.— KEEP THE GOOD WORK UP!" 
. . . sweet words in any pilot’s language. Jusc 
like it takes hard work and intensive study to 
qualify for this THUMBS UP "O.K."; Berry 
Brothers have for many years specialized inten- 
sively in the production of quality aircraft fin- 


ishes, 3 out of 4 private, commercial and military 
ships are finished with Berryloid Aircraft Fin- 
ishes. Time proven — they represent the utmost in 
durability, protection and beauty of appearance. 

Any information you desire will be supplied 
promptly upon request. 


BERRY BROTHERS 

DITROIT, MICHIBIN - WALKERVIllE, ONTARIB 
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BUYER'S LOG BOOK 

What's New in Aecesseties, Materials, Supplies, and Equipment 


Designed far aircraft subassembly rireting, a ne'v !.Miioiiary pii«um.-iiic sijueere 
riveter, built by Hanna Engineering Works, 1765 Elston .^ve., Chicago, luis a 20 
in. reach, 6i in. gap, and is capable of exerting 10 tons on the rivet at RO lb. air 
pressure. Rani is actuated by pneumatically operated mechanism of the wetlge and 
roller type, and the rated pressure is exerted through a considerable portion of 
the H in. ram travel. The long ram stroke avoids nece.'.sity for removal of dies 
which slows up riveting. Return of the piston is spring actuated, effecting econo- 
mies in air consumption, and riveter i.s actuated by a foot operated valve which 
may be placed at a convenient point. — .\viation% j/in/, 1941. 


A revolutionary change in design and construction is claimed for the Primo 
Metapost drafting table by The Frederick Post Co., MimieupoIU, Minn. Built 
of satin chrome tubular steel, with top made of selected soft textured pine li in. 
thick, this Primo Metapost table, model 22f?01, is readily ami completely adjust- 
able. By turning a free operating handwheel the working surface w ill raise from 
35i to 43 in. The top may be tilted from front to back at an angle of 60 degrees 
by means of 2 hand clamps. Table top sizes range from 31x42 in. to 4Sx96 in. 
N'eat and streamlined, the appe.irance of this table will modernize and add 
attractiveness to the drafting room, — .^viATtox. April. 1941. 


Designed especially for all-metal aircraft, a water-dear coating has been devel- 
oped by Chemical Research Corp., Tulsa, Okla., known as Resislal HCL-340. 
-Applications to metals and alloys showed no darkening after 3 years' c.xposurc to 
weather, salt spray, water and brine immersion, acid and .alkali, abrasion and 
ultra violet light- Easily pigmented, it can be used for camouflage, drying within 
a few minutes, and requires no primer or anodic treatment for permanent adhe- 
sion. Coatings are non-inflammable and insoluble in fuels or lubricants. — 
Aviation, April, 1941. 




A special Ime of precision-buQt aircraft relays, of which Type .AO is representa- 
tive, has been annoiuiced by Allied Control Co., 227 Fulton St., New York. N. Y. 
Designed for transmitters and receivers, flight instruments, control devices and 
remote control switches, all units are built around the dynamic balanced armature 
principle together with a stainless steel pin hinge to insure utmost reliability. All 
lugs and springs arc said to be unusually rugged to allow for current carrying 
capacity greatly in excess of rated loads. Type .AO. weighing 125 gr., is 
I jxlilixll in., and has a continuous rating on 24 volts UC of 15 amps. — .Avia- 
tion, April, 1941. 


Oemeuting together iu desirable bonded strength almost any two substances — 
such as rubber and/or fabrics to metal, plastics, wood, etc- — a new adhesive. 
Tempotite, is said to combine strength and plasticity in permanent walerpmnf 
bond where usual glues fail. Developed by Mauch & Merk Co., Inc., New York, 
X. A'., this pure rubber product is claimed to be weatherproof, stainproof and 
unaffected by temperatures from zero to over 300 deg. F. The liquid form can he 
sprayed or brushed, with a gallon covering 300 sq. ft., and will not effect silver 
or other metallic parts- — .Avi.ation, .4pril, 1941. 

A new '‘core feed” electric eraser, the Bruiting Hollow Shaft Eraser, brought 
out by Charles Bruning Co., Inc., New York, N. Y., uses an eraser 7 in. long 
fitting into a tubular armature shaft. This long rubber core can be fed out as it 
wears down and tightened at the lower end by a chuck. Afolor unit has an 
impeller-type fan mounted on the shaft within the light-weight die-cast aluminum 
motor housing, insuring cool operation, and operation is simplified by a sliding 
control button designed to fit under the index finger. — -Aviation, .April, 1941. 


Perfectly timed with present-day defense measures is the new Tulca Safely 
Goggle Lens developed by Unives Lens Co., Dayton, O- Made of non-shattering 
material, the surface of Tulca lenses is 20 times more resistant to grit and hot 
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Sma/I Percentage of COST,.. 
Big Percentage of PERFORMANCE 

-Shall your ship's control system be ei|iii])|iccl with 
the linest ball bcaring.s? With ‘'ebea))" ball bearings? 

Or with no ball bearings at ail? . . . A'mi arc lacing a 
decision more iiii[H>nani than you may realize. Let’s 
see what's at stake: 

Cost? The dilfcrencx: in cost between high-grade 
aircraft ball bearings and cheap substitutes is alicnit 
the same as iliai between high-giade and (heap 
upholsteiy maiciial for ymtr cabin. .And just abniic 
as im|)Ortanc, in relationship to the entire cost of the 
airpiaiie. But reiiicinber, upholstery doesn’t adect 
[leilorinance ... or safety! 

Ball bearings can — and dot That is why Fafniv 
builds extra values into these bearings, fabricating 
races from S.AE 52100 steel, through hardened. Using 
one-[)iece design tor boili inner ami outer varcs. 
Grinding them to precise limits of contour radius, 
pilch diameter, radial and lateral eccentricity. 

That is why Fafnir devolopcil s|iecial |>Iating, 
installed automatic greasing cqiiipnicni that measures 
pre-lubrication to the fraction of a gram. That is 
why Fafnir makes more than one hnntircil inspections 
of Fafnir Aircraft Bali Bearings, with six hasit, key 
inspections of eveiy Orariiig that ice ship. 

It isn't svorihwhilc to sacrifice sensitive, friciion-frce 
control to save a le'v [lennies, Tlie cost of the fittest 
aircraft ball bearings is so insignificant a part of the 
ship's lolal cost that you can letter "Fafnir" at the 
right spots, right on y our sketches, without unbalancing 
the budget. The Fafnir Bearing Company', .Aircraft 
Division, New Britain, Conn. 

FAFNIR 

■tall Bearings 

rot AlaCtAFT INSINES AND CONTaolS 
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metallic panicles than tempered glass lenses. Splashing, molten metal has no 
effect whatever on the Tulca surface, and the weight of this lens is only 45 
per cent that of a tempered glass lens, making the new material more comfortable 
to wear.— Aviation, April, 1941. 


A new milling attachment made by Globe Products Mfg. Co.. Los .Angeles, Calif., 
employing the lathe spindle for its drive, makes use of the carriage movements 
to operate its table. Spindle, carried on verticle slide so it can be positioned 
up or down, is mounted on ball bearings and is fitted with No. 9 B- & S. taper. 
.A ball bearing arbor support attaclimem to tailstock spindle pcmiils applica- 
tion of a cutter arbor in manner similar to that on standard plain milling machine 
with ait overarm. Overall dimensions of the table are 4^x12 in. — .Aviation. 
April, 1941. 


A timely aid to the production step-up in aviation is the Pisher Motorized Nose 
Pour Crucible Furnace made by Fisher Furnace Co.. 1748 N. Kolmar Ave.. 
Chicago, 111. Especially adapted to melting aluminum and magnesium, it features 
a constant pouring arc. The pouring lip has been brought to the center of pivot 
by mourning of furnace on trunnions axised in line tviih the lip. This special 
mounting permits low constniclion thereby granting simplicity in charging and 
convenience in observation. Built in standard sizes for 150 crucible sizes and up, 
tlie furnace is available in oil and gas fired units. — Aviation, April, 1941. 


For fastening segiae cowling, handhole covers, access plates, and similar paits. 
the Dot Cowl Fastener, made by United-Carr Fastener Corp.. 31 Ames St.. Cam- 
bridge, Mass., may be used readily on flat or curved surfaces- Self-aligning, due 
to rounded end on stud ami the floating fit in the sheet, this fastener is adapted to 
variations of at least A in, in thickness without change of location of pin. It has 
about in. pick-up; the spring is scientifically hardened and cadmium plated, 
and the stud, made of case hardened, cadmium plated steel, is positively assem- 
bled by the simple spring ring which may be anached or detached easily by screw 
driver or special attaching tool. — Aviation, April, 1941. 


Easy adjustability makes for easier drafting table work. With the Hamilton 
-Auto-Shift table, made by Hamilton Mfg. Co., Two Rivers, Wis-, it is no longer 
necessary to loosen hand wheels or do the actual lifting when adjustments are 
made. Pressure on a pedal releases a brake permitting the top to be raised or 
lowered with the finger tips to desired height. Tilting may also be accomplished 
witli a similar meclianism. — Aviation, April, 1941. 


"Edgebends and Eneebends," designed and fabricated by Lukenweld, Inc., 
Coatesville, Pa., for assembly plant and iiangar construction, save about % of 
cubic footage rcf|uircd by conventional design. Said to have the highest strength/ 
weight ratio of any steel framing system, "Edgebends and Kneebends,” requiring 
less steel tonnage, carry roof loads safely without interior columns. Offering 
improved appearance and maximum working space, "Kneebends" are carefully 
fabricated and furnace stress-relieved to minimize rolling and thermal stresses. — 
Aviation, April, 1941. 
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The modern airplane engine— explosive 
horse-power compacilY packaged lo streak 
across the sky— a tribute to the makers of 
alloy steels. Many of these alloys resulted 
from Republic research. Each is the finest 
for its specific use— saving weight— provid- 
ing greater strength— resisting vibration, 
wear— working safely at high temperatures. 


How do you heot-treal SAE 4340 
to obtain 130,000 lbs. yield point? 
Will nitriding steels work al900°F? 
Republic, world's largest producer 
of alloy and "aitcrafi quality" 
steels, offers you its "Handbook of 
Alloy Steels" to help you answer 
the questions that confront you 
every working day. Ask for a copy. 


REPUBLIC STEEL 

Alloy Steel Division; MossUlon. Ohio » 
BERGER MAKUFACnnilNG DIVISIOH ■ CUIVERT 
STEEL AND TUBES DIVISION • UNION DRAWN ST 


CORPORATION 










IHTERCOOLERS 


military and commercial flight operations 
* attain advantages of great strategic and eco- 
nomical value. Engineering modern aircraft 
forever higher flight levels presents challeng- 
ing problems that only specialised knowledge ^ 


For the continued attack and solution 
of these problems Airesearch places at the 
disposal of the aviation industry an organi- 
zation whose personnel, facilities and re- t 
sources are without a peer in the fields of L 
Heat Transfer Products and Cabin Pressure P! 

inseparably asso- 


f Control Systems- 

ciated with today’s demand for Higher Per 
formance. Correspondence and engineering 
consultation are invited. 


W^lRGIRl OH COOLERS 


PRESTOHE RADLASORS 


CABIN PRESSURE CONTROL ^ 


Manufacturing Co 


a V 1 A T 1 O H , April. 




Two cutting edges on a single hack saw blade— an old dream of metal working 
men — are featured in Double-Life Blu-Mol, developed by Millers Falls Co., 
Greenfield, Mass. The blade costs only 50 percent more than the single-edge type 
and is said to do twice as much work per blade at a cutting speed twice the usual 
maximum. Teeth along the first cutting edge arc set fractionally wider than along 
the second, eliminating drag and wear. Guaranteed shatterproof and unbreakable, 
this blade has a special heat treatment which leaves teeth hard, ends and center 
soft. — Aviation, April, 7943. 


A new piston ring compraaaOT. featuring the positive ratchet lock and tvvo tension 
bands of special steel, called Wilco Master-Universal ring compressor, is made 
by Wilkening Mfg. Co., Philadelphia, Pa. Lock eliminates any slippage of com- 
pressor bands while piston and ring assembly are pushed into the cylinder. The 
tension bands keep all rings under full compression until they are in the cylinder. 
Two sizes are available; MU-5, ranging from to 5 in. diameters, and MU-7, 
to 7 in. diameters. — Aviation, April, 1941. 

Proridiag a means for rapid coupling or uncoupling of push-pull, reciprocating 
and rotary control units, a new line of control couplings especially adapted for 
use on controls with an outside casing and inner wire or cable, has been devel- 
oped by Dycer Aviation Supplies, Los Angeles. Calif. The coupling may be 
installed at any convenient point in the control system, permitting uncoupling at 
the point selected and so materiallv simplifying maintenance work. — Aviation, 
April. 1941. 


WUkealag pislen ring ccmpiessor 



Lapping by mackiiie in prodnetion quantities is claimed by Ultra-Lap Machine 
Co., Detroit, Mich., for a tool said to increase production 700 percent as com- 
pared ro hand lapping. A precision as to flatness of less than 12 millionths of an 
inch and smoothness of under one micro-inch is guaranteed. Any metals or mate- 
rials, hard or soft, arc adaptable, to the new quantitv production. — .Aviation. 
Aprii. 1941. 

Tubular slide-contact rheostats widely applicable to aircraft laboratory use are 
offered by the Rex Rheostat Co., New York, N. Y. The Rex rheostats are of 
rugged construction and of high watt capacity. Self lubricating metal brushes 
assure smooth movement without wearing the resistance wires. -An enclosure 
protects the rheo.slat from mechanical damage and protects the user from shocks 
and burns. — .Aviation, April. 1941. 

To meet the demands for heavy machine tools in the preparedness program, the 
new super V-60 DOALL is now being built by Continental Machines, Inc., 
Minneapolis, Minn. Featuring a 5 foot throat depth, the actual diameter of any 
work ctH on this model can be 10 feet. Thicknesses up to 12 in. can be handled 
with speed and precision since the machine uses narrow hand DOALL precision 
saw blades varying from A to one inch in width. An hydraulic contour feed 
control used in connection with the power feed provides easy operation, and the 
Speedmaster variable drive furnishes every speed from 50 to 1500 ft. per min,, 
thus suiting the exact cutting speed to the particular material handled. — 
Aviation, April, 1941. 
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The Most Microscopic Surface Roughness is Amplified 

up to Thousands of Times with the PROFILOMETER 
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frank]/ into tho open and show- 
ing how the causes of recent 
accidents can be overcome. 

NAA'a annual meeting has 
been announced for Louisville, 
Ky., the ArsC four days of June; 
wil] include annual Aviation 
Forum, with emphasis on air 
defense of the Western Hemi- 
sphere. 


AA Tries Super Gasser 

American Airlines is conduct- 
ing high-altitude flight tests on 
a new blend of fuel which, 
when added to high test gas, 
boosts the power to aviation 
gasoline requirements. Engi- 
neers of the airline and special- 
ists from the Cooperative Fuel 
Research Committee say they 
believe it may aid in the pro- 
duction of aviation gasoline for 
defense. The experimenters 
have been flying an American 
Airliner on a series of 3-hr. 
testa up and down the eastern 
seaboard from Boston to Wash- 
ington, checking engine temper- 
atures at various speeds, alti- 
tudes and stages of flight, 

NWA Develops Masks 

The comfort of the oxygen 
masks used by Northwest Air- 
lines on its transport planes 
was praised by Emery M. El- 
lingson, assistant chi^ of the 
safety rules and education com- 
mittee of the Civil Aeronautics 
Board, when ho visited the Min- 
neapolis & St. Paul base of 
NWA to conduct a survey, with 
a view toward drafting specific 
regulations for use of oxygen 
on all commercial airlines. With 
him are Pilot Ollie Ycates and 
Dr. W- R. Lovelace of Mayo 
clinic, co-designer of Che masks 
and equipment now used on 
NWA planes. Ellingson com- 
mended Northwest Airlines for 
its pioneering in the use of 
oxygen on its planes. Use of 
oxygen is now required above 
10,000 ft. for 30 min. or more 
and at all times above 12,000 ft. 

Dentist To Explore 
In Culver Cadet 

Dr. Cecil Smith, assistant pro- 
fessor of operative dentistry, 
Stanford University, will fly his 
specially equipped Culver Cadet 
over uncharted wilderness of 
Central and South America. Ac- 
companied by hia cousin. Dr. 
Joseph H. Lorens, Burlingame, 
Cal., Smith will moke a six 
weeks exploration trip. The fly- 
ing doctors plan to follow PAA’s 
route part way before branch- 
ing off into unknown territory. 
Included in itinerary is Brazil 
where jungle still holds secret 
of Redfern disappearance. 


Spot Checking 

NAA is proposing that the Gov- 
ernment extend airline interme- 
diate fields and build new ones 
for alternate use in bad weather. 

Amerlean leqlea is putting spe- 
cial emphasis on developing an 
aviation policy; Col. G. de Frees 
Lamer, ^ NAA, is chairman of 
The Aviation Commission De- 
partment of D.C. 

Aviation gasollaa: unlimited ex- 
port to all British countries is 
authorised by State Depart- 
ment; will curtail our storage 
rate; we have plenty for any 
immediate use. 

Corpus Chrlsti, Navy’s new air 
base and training center, opened 
March 12. 

Soldiers is flivvers, armies in the 
air, one man to a hedge-hopper 
with machine gnn and small 
bombs, proposed by Col. Roscoe 
Turner and others, is in general 
discussion stage. 

Washington Airport will be put 
in service in April or May. John 
Groves, assistant chief of CPT, 
has been appointed manager . . . 
Bennett Griflln, veteran airline 
inspector, is new chief of the 
Standardization center at Hous- 


Four Air Corps replacement Cen- 
ters are being established to 
speed training of pilots and 
technicians; recruits get basic 
training, uniforms, vaccinations 

flying schools or technical school. 
Previously, they went directly 
to the schools. 

creased $500 a year per man if 
a bill sent to Congress by Secre- 
tary of War Stimson is passed — 
probably will be. Four para- 
chute battalions will be organ- 
ized in 1912. 


Hew two-plase plane will soon 
be announced by Interstate Air- 
craft & Engineering Corp.; side- 
by-side; company says will 
out-perform present planes in 
price class and have features 
not available in its type. 

Army is considering raising its 
pressnt objective of 24,000 pi- 
lots; if it does, far more facili- 
ties wil] be needed. 

The grade of Aviation Cadet in 

the .Air Corps is proposed in a 
bill before Congress, almost sure 
to pass. In addition to improv- 
ing status of air cadets It puts 
them on equal footing with 
Marine and Navy aviation ca- 


THE WASHINGTON 
WINDSOCK 

By BLAINE STUBBLEFIELD 


Air Infantry Next 


The Stubblefield oward goes to Rep. Charles Cramer, who 
said he would introduce a bill requiring airlines to provide 
chutes for passengers and give them jumping instruction 
before takeoff. 

A Messerschmilf na German twin-engined fighter, shot 
down in England, was unloaded at a Brooklyn dodc and 
shipped to Los Angeles for inspection by manufacturers of 
planes for the Air Corps and for Britain. There is little 
doubt other German planes were brought here secretly 
when the United States was more careful of its neutrality 

You hovea'f soon niera than a good beglaaiag of military 
aviation yet. Air infantry is now being developed by the 
Army. This differs from parachute infantry in that the 
troops are landed on the enemy ground in the plane. This 
will be highly technical strategy, requiring absolute advance 
information, including weather. Much might be done with 
troops in planes that could land on a spot. 

Manufacturers still insist, though they are cooperating in 
the plan, that the inland aircraft assembly plants were 
almost entirely political — located to give the interior a 
break with the coasts for defense money. Any invasion 
of the United States, they say, would not come through the 
Navy and the armed coastal cities, but through the North 
and South borders, with intent of dividing the country. 
Those prairie plants would be first to go. 

If you waat an alrplano, you’d better study the advisability 
of getting it now. It looks as if the priority on aluminum 
for defense might soon put the quietus on all “private" 
aircraft production, except equipment for the Civil Pilot 
Training Program. CPT may be expanded, or curtailed; 
no one can tell yet. And if any manufacturers try to go 
back to steel tubing and wood, priorities on skilled labor 
probably would nip that in the bud, too, 

In a mililary eperotlea involving the Navy and not the 
Army, it is probable that some Air Corps divo bombers 
and other combat craft would be transferred to the Navy's 
air arm. Gen. George Marshall, Chief of Staff, so advised 
military affairs committeemen, according to reports from 
the hearing room. Conversion of an Army plane for ship- 
board use is not much of a task. Army technicians said. 
It involves the installation of an arresting hook, and soms 
beefing up. 

Whaf Brlfaln will do with the three Boeing A-3I4 boats to 
be taken over from Pan American Airways is not ofllcially 
known. But plausible opinion in Washington is that they 
will be used to ferry pilots hack to the U. S. after they 
have ferried combat planes from the U. S, to England. 
Number of planes being flown across is rapidly increasing 
and will be further eugmented by spring weather and 
the threat of invasion. The Boeings can carry more than 
50, (less cargo) in berths, up to 70 in chairs. 

TOO ships af Marflnlque, built by the U. S. for the French, 
still stand in the open, but in grease and canvas, growing 
obsolescent. Neither Vichy nor Paris governments can 
touch them, because of the British blockade. The U. S., if 
we entered the war, would seize them instantly. Otherwise, 
if the war drags on, they will go bad in the humid air. 
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T T ERE are control cables that are engi- 
neercd and produced witli the same 
precision as both po'ver plant and structure 
of the newest aircraft. Onh' the finest steels 
go into their manufacture. Evera- wire of 
every cable is cold-drawn to high tcn.sile 
strength through accurate dies, under the 
direction of men who specialize m the mak- 
ing of control cables that arc as sound and 
trustworthy as modern science can make 

Thai’s why so many aircraft designers 
and builders specify American Tiger Brand 
Strand and Cords. That's why you’ll find 
them used in America's finest ships. 


AMERICAN STEEL & WIRE COMPANY 


Cleveland, Chicago 


and New York 


UNITED S TAT E S STEEL 


no 


A VIRTI ON , 


AVIATION PEOPLE 



reassignment of executive personnel. ALEXANDER T. BURTON <l.) joined 
the company in 1937, and In late 1940 was appointed division manager of the 
Dallas unit. He now goes to Washington as North American’e representative. 
LELAND R. TAYLOR (0.), Weehlngton representative since 1939, returns to 
Inglewood to assume a new position as executive staff assistant. E. J. RIVERS 
(r.)> who was appointed factory manager of North Americen Aviation of 
Texas in 1940, will head operatione at the Dallas plant. Announcement was 
made by J. H. KINDELBERGER, president of North American Aviation. 


slstant to the Secretary 


ROBERT A. LOVETT, 



Harriman 41 Co, 




tured by Air Associates, 


manager of 
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padlock. Sturdily built — will 
lamain rigid altar bard uaa. 
Width 24", depth 24", height. 


• type Steel casters, 
37-1/8". Green baked enamel 
iluilh. Shipped set up. Ship. 

wt. SO Ifas. Price S11.35. 


DEPENDABILITY 



Thorough inspection by trained personnel, with 
scientific equipment, insures the inherent depend- 
ability of Holley Aviation Carburetors. 

The illustration shows how carefully the throttle 
gears are checked before assembly. This same care- 
ful accuracy is maintained throughout the manu- 
facture of Holley Aviation Carburetors. 

HOLLEY CARBURETOR CO., Aviation Division, Detroit, Mich. 


HOLLEY 


-AVIATION CARBURETORS- 
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ALLOY STEELS 
FOR AIRCRAFT USE 


O NLY steel lias the high strength- 
vokmic ratiri to carrv the stresses 
concentrated at vital |inints in primary air- 
craft structures ... to safely take the ter- 
rific shock loads in landing gears ... to 
withstand the de.stnictive fatigue load.s in 
engine supports. Here, is a job for which 
U S-S Carillov Aircrait Quality Alloy 
Steels arc preeminently fitted. 

To make sure that the Carillov Alloy 
Steels destined for use in aircraft construc- 
tion measure up to the exacting require- 
ment.? of vour specifications for this service. 


special care is given to every- phase of man- 
ufacture. To earn this “AC” — aircraft 
quality — rating the steel must run the 
gauntlet of very strict micro and macro 
examinations that prove its fitness for air- 
plane parts, engines and accessories. 

Only steel that has passed these special 
and exhaustive tests receives the AC mark, 
I'his stamp on Carillov bars and billets acts 
as a quality guide for vour plant organiza- 
tion — provides an identifying symbol that 
savs “This steel has earned its wings, use 

it with confidence.” 


U-S-S CARILLOY ALLOY STEELS 


CARNE6IE-ILL1NOIS STEEL CORPORATION 

Pittsburgh anil Chicago 



I TED STATES STEEL 
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Hex Key Sets 







Xhe job is tapping a deep hole in a lirass 
body — thread size “GnEENREtn” 

High Speed Ground Tliread Taps, espe<'i!illy 
designed for brass, were selected for the Job and 
complolcly satisfy the manufactnrer. The re- 
sult proves the inijior- 
tance of calling in experi- 
enced threading engineers 
in order to obtain tools 
that will give lowest cost 
per tapped hole. 



Today it is hard to gel sniull tools as fast and in 
ns great quantity as most nianiifaeturers wish 
them. So it's more important than ever to gel 
llie greuli'sL possible production from every 
single tool. ITs a pretty good lime to draw 
on “Gbeenfield’s” huge fund of experieni'c. 

GREENFIELD TAP & DIE CDRPORATION 



Jl^GREENFIELD 


It’s 


ffliSjSSF' -equipped, 
so there’s 



BUILT BY KINNER MOTORS, INC. 


no FRICTIOn HERE 



Friction stays on the ground when 160 h.p. Model R-5 
Kinner Engines go aloft with RCAF training planes. For 
SGSLP’ Bearings don’t give Friaion a chance to reach the 
propeller thrust, starter, and generator drive of Kinner 
engines. Where there’s no Friction, there’s performance you 
can depend upon. Think of that the next time you select 
bearings for anything you make, buy or fly. 
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Us€ Uiis Ua*Mn€^ . . . 

to help solve that new "WHAT MATERIAL?" problem . . . 

possibly also that unsolved old problem ... if may be electrical, mecfionica/, 
or sfructural . . . involving replacement of weighty, corrosive, costly or hard to 
get metals with one of the varied and versafife C-D Products; DiAMOND 
Vulcanized Fibre, DILECTO Phenol Fibre, MICABOND Mica Products, 
or CELORON Avoided Pafsr/c Plastics. 


The C-D Laboratory is 







IBRE COMPANY 


NEWAHK.DELAWAP 



our cmpliasis on gciHle use of the con- 
trols. It is particularly important here. 

With the ship at cruising speed and 
r.p.in., wings level, (be particularly 
careful about this), gently case the 
slick straight back. Continue this back- 
ward movement very sl<rtoly until the 
nose stops rising. Continue the slow 
backward movement of the stick until 
the ship begins to shake or the nose 
shows a tendency to sink. Tlien move 
the slick smoothly, and fairly rapidly, 
as far hack as it will go. 

One wing or the other will start to 
drop. Apply very light pressure to tlie 
opposite rudder pedal, relieving the pres- 
sure as soon .as the wing stops going 
down. If you liold the rudder on too 
long, or if you use too mucli, tlie other 
wing will drop and first thing you 
know, you'll be flopping from one side 
to tlie other in a poor imitation of a 
tailing leaf. Then you're licked ami 
might as well let tlie stick go hack 
to neutral and try again. 

If you use proper delicacy, the wing 
will stop at the level position. Keep 
tlie stick hard back until the nose 
drops ami come up again; tlien repeat 
tile wliole procc.ss. If you can keep 
liie wings absolutely level tlirougli two 
complete oscillations, or until the nose 
has dropped and come back up twice. 

Don't spoil it by a sloppy recovery. 
As the nose begins to rise after ilnip- 
piiig. gently ease the slick forward to 
neutral If you move it ahead while 
tile nose is down, you'll dive and pick 
up too much speed. However, if you 
do dive, don't forget to close the llirol- 
tie immediately, until a normal glide Is 
attained. 

Remember — ailerons arc not to be 
User] at any time in this power stall 


Ths PoJUeg Liat 

This m,ancuver follows logically after 
stall practice. The object Is to make 
the airplane do just what you were 
trying to keep it from doing In the 
power stall — namely to drop first one 
wing and then the other, but continu- 
ing to point the nose in the original 
direction. This last is the real trick. 
Vou will experience little or no trouble 
in making the wings drop altenialoly, 
but liolding your direction is anotlicr 
story. Once the nose starts to swing 
to either side you're all through so 
far as that particular effort is con- 
cerned and you might just as well 

There are one or two little tricks in 
performing the maneuver correctly. 
One is to liave the center of gravity 
of the airplane as far forward as pos- 
sible. If tlie gas tanks are in tlie top 
{Tnni to Inigc 140) 
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^^^ELIVERIES of iwin-engine BEECHCRAFTS 
are now being made at an ever-rising race for use in connection 
with the National Defense Program. The U. S. Army Air Corps 
has released ihe phoiograph and data concerning its AT-7 Navi- 
gation Trainer shown above: 

“The airplane is an all metal, low wing monoplane with 
retractable landing gear and twin rudders. It is powered 
with two Pratt and Whitney 9'Cyiinder 450 horsepower 
engines, and carries a crew of live. This is the first training 
airplane procured solely for training student navigators. It 
is equipped with a chart table, aperiodic compass and stabi- 
lized drift sight for each of three students, and a Celestial 
navigation dome for sextant readings." 

New production facilities are almost completed and will be in 
full use within a few weeks. They will greaily expedite the 
BEECHCRAFT contribution to the National Defense Program. 


BEECH AIRCRAFT CORPORATION * 64 1 1 EAST CENTRAL AVENUE • WICHITA, KANSAS, U. S. A. 
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Aircraft Cannon 

(Continued from page 37) 


to indicate to the gunner his line of fire 
with which to correct his tinting, we have 
the number of rounds available per sec- 
ond at 16. This means that a plane fly- 
ing SOO ft. will have 16 bullets to contend 
with, front each gun, providing aiming 
and lead is correct ! Under the conditions 
where the target is flying directly along 
the line of fire, i.e., coming directly at, 
or flying directly away from, a steadily 
aimed stream of Are, the chances are 
greater for retaining the target within 
this line of tire for longer periods. This 
situation is more prevalent with pilot 
fixed gunnery. But, reciprocally, the 
enemy guns also constitute a menace in 
this position. Even when pursuing 
enemy fighters it is possible to receive 
a surprise hail of bullets from a remote 
controlled gun mounted in the tail which 
automatically covers the "blind cone” 
around the tall structure. It is quite 
apparent that every hit that is made 
must be effective if it is to accomplish 
its purpose and for this reason war 
pilots favor small caliber cannon. 

Besides being able to hold an elusive 
enemy target within the line of fire for 
longer periods, pilot gunnery is made 
more effective through the added fire 
power given by the eight to twelve guns 
mounted in wings and fuselage, ar- 
ranged to converge at a point anywhere 
from 150 to 250 yds., the most common 
contbat ranges. Actually, the guns, 
mounted in this way, have a practical 


fighter by Fokker, provision was made 
for mechanical variance of the conver- 
gence point. While there is reason to 
believe that such convergence control is 
advantageous, the extra thought and 
motion that must be given to the fire 
control by the pilot, and the installation 
difficulties of a variance gear, probably 
offset the advantage. 

As a result of increased aircraft 
speeds, fighter and pursuit planes are 
now designed and equipped to fight with 
a heavy load of armament, sometimes up 
to ten or more machine guns and 
automatic cannon in combination, with 
which they attempt to dive down on 

bursts of fire. If they fail to regislcr a 
hit the first time, they may not get an- 
other chance, either because of rapidly 
decreasing ammunition supplies, or for 
fear of flying too far afield, considering 
the speed with which opposing planes 
can get away, and also considering op- 
posing gunfire. Airplanes can carry but 
a limited amount of ammunition, too, as 
the cartridges and cartridge belt boxes 
or ammunition drums occupy needed 
space, and, in the case of cannon, a 
supply for half a minute's firing of each 
cannon is all that can be carried due 
to both weight and space required. How- 
ever, when 200 rounds of explosive 


shells can be carried, this supply is suffi- 
cient for a number of bursts of fire, and 
every hit that is made will be positively 

Even during first World War days, 
it was recognized that something bettci 
than a machine gun was desirable on 
aircraft. At that time nothing was 
available except old-type slow-firing, 
cumbersome 37 mm, cannon, which were 
experimentally mounted to fire through 
the propeller hub of the watercooled 
engines, but were found impractical for 
many reasons, among them excessive 
weight and low fire power. 

At this writing the picture has 
changed considerably. Practically all 
types of planes now require intermedi- 
ate caliber automatic cannon of the 20 
and 23 mm. type, as a vital necessity. 
Machine guns, both ,30 and .50 caliber, 
still have their field of usefulness and 
will undoubtedly continue to make up 
part of military plane equipment. At 
the other end of the aircraft armament 
range we have the 37 mm. cannon, of 
which one type in particular is made by 
.American .Armament Corp. These 37 
mm. cannon have a comparatively slow 
firing rate, while the ammunition is fed 
into them in clips of five shells each, 
manually by the gunner. 

From the table showing the compara- 




tive characteristics of the three classe.s 
of aircraft weapons, the light and heavy 
machine guns in the first, the 20 and 23 

and the 37 mm. in the third, it will be 
readily seen that the intermediate class 
is highly desirable and that more of 
them are urgently needed for our 
present and future air force. The writer 
understands that the United States 
Government is interested in this type 
weapon; actually our ordnance experts 
have always heen aware of armament 
developments .all over the world, but 
they have not been in a position where 
they could advocate and procure such 
arms as they felt were desirable for our 
services. Our present defense program 
will doubtless permit them to make use 
of the best known types of arms known 
anywhere. 

Probably the most advanced inter- 
mediate caliber automatic cannon are 
the Danish Madsen 20 and 23 mm. air- 
craft arms. The 20 mm. cannon can fire 
at the rate of 500 rounds per minute 
while the 23 mm. can tire .at about 400 
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CURTISS-WRIGHT 
INTERCEPTOR- 
FIGHTER 21-B 

^vinjjWeiahv-a.SOOIbs. 

Oil— acroSh«II 
CUITISS. WRIGHT 
(ST. LOUIS) 

Shell Avlaflfln 
Gasoline Eneluslvely 
—also AeroShell Oil 


on 


. into the sky at 

88 feet per second— 

cun I AVIATION GASOLINE 
OnCLL AND AEROSHELL OIL 


/^FF the runway and into the air 
shoots Curtiss-Wright's new 
21-B , . . like a rocket into the sky. 
Up. up. up it goes . . . prop biting the 
air at 2,200 R-P.M. . . . oow just a 
speck in the blue. Leveling off. her 
Wright Cyclone Engine, feeding on 
Shell Aviation Gasoline, knifes her 
through the clouds at 333 M.P.H. 

What a plane! What a performance! 
What a beating plane, engine and oil 
must take at today's super speeds! That's 
why Curtiss-Wrighi uses materials on 
which it can depend . . . AeroShell 120 
in the crankcases and SheU Fuel in the 


tanks of all new 2 1-B ships. 

Shell Gasolines mean quick starting, 
instant throttle response, long cruising 
range in tinr ship. In fact, it is 100 oc- 
tane gasoline (produced commerciallv 
for the first time by Shell) that makes 
American military planes unexcelled in 
performance, speed and flying range. 

No wonder airport operators the coun- 
try over are taking to fast-selling Shell 
Aviation Products! It pays to back a 
winner. Investigate. Address; Shell Oil 
Company, Inc., 50 West 50th Street, 
New York, N.Y., or 100 Bush Street, 
Sao Francisco,Cal. 
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roumis. TKe 20 nim. armor piercing 
shell can create havoc to any target 
which it hits, even penetrating inch 
thick armor plate, at 600 yd. Obviously, 
no airplane can be sufficiently armored 
against such shells. The 23 mm. is a 
special design that employs a shell with 
considerably greater effective explosive 
force than that of the 20 mm. while 
the weight of the 23 mm. cannon and 
complete round of ammunition remains 
the same as for the 20 mm. cannon. 

A very novel and highly effective in- 
stallation of Madsen aircraft cannon was 
made before the war by Fokker of Hol- 
land, in his twin-engined, two-seater 
attack plane Fokker G. I. Two 23 nun. 
cannon plus two 7.9 mm. machine guns 
were fixed into the nose of the plane in 
front of the pilot's cockpit and within 
his reach. The 23 mm. cannon were 
supplied with belts carrying 100 rounds 
of shells each, and all the guns were 
loaded and operated by means of a com- 
bined pneumatic and hydraulic system. 
All the pilot had to do was to make his 
selection of what guns were to be fired 
on a selector switch board, and depress 
a lever when he wished to open fire. 
The Ammunition belts for all the guns 
ivere of the flexible, disintegrating type 
made up of loose links, which fell into 
a container, as did the ejected cartridge 
cases, during firing. 

A study of some of the salient charac- 
teristics of the weapons in the table 
lead to extremely interesting factual con- 
clusions. The most important consider- 
ations of these aircraft guns in their 
order of listing, include weight of the 
gui), rate of fire, muzzle velocity, type 
of ammunition feed, type of ammuni- 
tion, and weight of the ammunition to 

Inasmucli as it is desirable to carry 
a number of guns on an airplane, the 
weight factor is quite a problem. Ma- 
chine guns of either ,30 or .50 caliber 
do not weigh so much, nor does their 
ammunition. A number of these could 
easily be carried by modern high-pow- 
ered planes. But the machine gun has 
a tremendous disadvantage in using am- 
munition that is practically ineffective. 
The machine gun, however, has a high 
firing rale and a high muzzle velocity, 
which, however, does not assure flatness 
of bullet trajectory, as small arms 
cartridges start to curve very early in 
their flight. 

The 20 and 23 miu. cannon compare 
very favorably with machine guns as to 
weight, although they do weigh some- 
what more. Their firing rate is almost 
that of a .50 caliber machine gun, how- 
ever, The type of ammunition feed is 
disintegrating belt, which means that a 
23 mm. cannon can fire automatically as 
long as there is ammunition in the belt 
to feed it and installations are now avail- 
able for 100 and more rounds of shells 
lor these arms. They have a high muzzle 


velocity assuring a very flat curve or tra- 
jectory over distances such as would be 
common in aerial conibat, up to 600 
yd., although their actual effective range 
is much longer, as the table shows. The 
intermediate caliber shells are also very 
effective, and when fired from either 
fixed or flexible mountings, can be used 
against enemy ground objects, including 
gas storage tanks, and other targets 
which must be set afire or destroyed. 
This cannot be done with machine guns 

The increased explosive force of the 
23 inm. shell is obtained by making the 
actual shell longer and the shell case 
smaller. The shell consequently con- 
tains more explosive mailer, while the 
case holds less propellent. Due to this, 
the muzzle velocity is decreased consid- 
erably, giving the 23 mm. shell a 
shorter range. But as aerial combat 
takes place at comp.tralively short 
ranges, the only reasons why high muz- 
zle velocity is desirable is to give the 
shell a flat trajectory, and also to reduce 
the time of flight of the shell. The 
latter is important, as every fraction of 
a second counts while aiming and firing, 
keeping in mind the many factors that 
combine to cause misses of both 
machine gun and cannon fire. 

Practically all cannon armament on 
present day aircraft arc mounted in 
L-itlier fixed inboard or outboard posi- 
tions, with the exception of installations 
in large bombers and heavy flying boats. 
There are special types of small air- 
craft that do mount free guns in tur- 
rets, but these are all of machine gun 
caliber of .50 or less. The British 
Boulton Paul Defiant is an oulaiaiiding 
example of a super-armed fighter air- 
plane, with numerous guns in the wings, 
fuselage, and a multiple machine gun 
turret aft of the pilot. The favorite 
position for cannon is in the nose of 
tlie plane, just in front of the pilot, 
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thougli they are also mounted in the 
wings or slung underneath them. Planes 
such as the British Spitfire and Hurri- 
cane now carry four machine guns in 
each wing. These might conceivably 
be replaced by two cannon each. The 
total recoil force is felt in the plane but 
insufficiently to affect it cither structur- 
ally or to change its flight characteris- 
tics to any great extent, under condi- 
tions where the guns are in fixed posi- 
tions firing forward, inasmuch as the 
recoil is in the opposite direction in 
which the plane is flying. 

When these cannon, and particularly 
the heavy caliber 37 mm. cannon, are 
fired from free or turret positions, the 
effect of the recoil is much more notice- 
able and would actually hamper the 
maneuverability just at the moment 
when freedom from outside forces is 
most desired, i.e., when enemy planes 
are swooping down and around the 
defending craft. 

The type of ammunition feed is an 
important factor although for fixed gun 
positions, an automatic belt made up 
of disintegrating links is more or less 
standard for both machine guns and 
cannon because it allows the feeding of 
a greater quantity of ammunition and 
because the bells can be fed from ad- 
vantageous positions in the wings or 
fuselage and the boxes holding the cart- 
ridges or shells can be placed where 
most convenient. Nevertheless drums 
fixed to the guns have the advantage of 
giving a more positive feed than the belt 
type, which may lag or jam under 
violent combat maneuvers. Most drums 
will hold around 60 rounds of ammuni- 
tion and up to 100 rounds, while belts 
can be endless up to any aniouT>t of 
ammunition that can be carried. 

Among the types of ammunition are 
armor piercing, exposive, tracer and 
incendiary. The latter three are of 
importaace in aircraft guns, with ex- 
plosive taking the lead, the tracers being 
necessary for aiming control and in- 
cendiary to lire the enemy craft or 
ground objects. Referring again to the 
table (see item 15), it will be iioteil 
that the weight for 100 rounds of am- 
munition rises rapidly as the guns 

Designing airplanes of the fighter 
type to carry a maximum load of arma- 
ment is far more difficult than heavily 
arming huge bombers or flying boats. 
The latter are structurally so sturdy 
that they can easily carry the weight of 
a number of guns in various turrets, and 
also withstand the combined recoil 
forces. The British and German fight- 
ers, however, are more heavily armed 
than our American planes. The British 
particularly have an advantage in own- 
ing high powered engines of 2,000 hp. 
and more, so that the plane and wing 
structure is designed to cope with 
speeds of 400 miles plus per hour. 
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The United States ArmY, Navy. Marine 
and Coast Guard rely on PESCO aircrait 
products for outstanding performance. 


@ Fuel Pumps and Accessories 
Air Pumps and Accessories 
@ Hydraulic Pumps and Accessories 
@ Propeller Feathering Pumps 
@ Propeller Anti-Icing Pumps 
^ Valves for fuel, air or hydraulic control 
^ Hydraulic Cylinders and Accumulators 
@ Hydraulic Control Equipment 
^ Many other units for special requiremenfs 
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More and more, plane buyers are demanding Franklin 
power. Aircraft manufacturers and distributors, alert to 
public preference, are quick to offer models with these 
unique Franklin advantages: 

1. Mocfern iighi plane engine Accessory rquipraenl; Electric Starter and 
Generator, available only with Franklin. 

2. Standards never before attained in smooth and quiet operation. 

3. Dependability and long life at lower initial cast. Economical main- 
tenance and operalion , . . simpJer design and fewer parts. 

Your choice of five great Franklin Engines, 65; 80; 90; 120 
and 130 H.P. offers the most complete range in the light plane 
field. Franklin makes the right engine for every type of 
plane. Compare Franklin feature for feature, and you'Jf lly 
Fianklin. 

GO MODERN * FLY ^j PrurxAttn 


AIRCOOLED MOTORS CORPORATION * SYRACUSE, NEW YORK 


Rear Engine Installation 

(CoHlimicil jr/jm page 47) 


corporaling an ideal nose shape and 
;i cleanliness of fuselage contour* never 
achieved on an airplane of the P-39 
type with the engine installed in the 
nose. The problem Bell Aircraft was 
faceil with was to provide a sufficiently 
light and satisfactory structure. It was 
necessary lo support the independent 
reduction gear box and propeller on 
the nose, the armament installation, the 
I'etraciable tricycle gear, nose wheel, 
the pilot and his cockpit equipniem and 
to connect together the airplane wings 
and tail besides adequately hooking up 
the power plant components, ft was 
decided lo build what constituted es- 
sentially the front halt of the fuselage 
as a stressed skin, sheet metal platform 
incorporating two main longitudinal 
beams. These beams were continuous 
from their attachment to the propeller 
reduction gear box back through the 
gun compartment, under the pilot’s 
cockpit station and under the engine 
to connect to an oval monocoque rear 
fusel.age assembly which carried the 
tail surfaces. A top deck over the 
beams constituted the floor of the cock- 
pit ami the gun compartments and the 
engine bearer rails were attached to 
the top of the beams where they passed 
under the engine. Transverse beams 
in this platform provided the wing 
carry-through from the two detachable 
outer wing panels. The tricycle gear 
no.se wheel was attached to the two 
longitudinal main beams of the front 
fuselage section and retracted by fold- 
ing aft between the beams. .A very 
desirable arrangement for accessibility 
was possible in having the upper por- 
tion of the fuselage above the beam 
section constructed principally of re- 
movable cowling. This arrangement 
permitted the manufacture and instal- 
lation of the complete pilot's cabin as a 
unit assembly and made possible the 
use of large automobile type doors on 
each side. It also permitted unex- 
celled accessibility to the engine in- 
stallation. Facility for such work was 
increased because the engine was so 
located that the wing could be used as 
a working platform by the mechanics. 
By simple disconnection of the 6 bolts 
in the extension drive shaft flange the 
engine could be removed by being 
hoisted directly from its support on the 
longitudinal main beams without dis- 
turbing the propeller or armament .in- 
stallations, an important time and trou- 
ble saver. An accurate and complete 
mock-up was made and these conditions 
were checked and the opinion of all con- 
cerned was that the accessibility and 


conditions for simple and impros*ed in- 
stallation was in excess of anything 
available in comparable airplanes of the 
conventional arrangement. 

A careful analysis of this structure 
indicated that satisfactory light weight 
strength and rigidity could be obtained. 
There were, however, as has been men- 
tioned, certain problems as yet unsolved. 
One of these was the fact that the air- 
plane fuselage beam assembly was to 
all intents and purposes a part of the 
engine assembly since it w.as really a 

housing and support for the extension 
drive shaft and independent gear box 
assembly and propeller. It was, there- 
fore, obvious that the transmission of 
potver through the shaft would impose 
not only certain torque loads on the 
fuselage beam structures, but would 
also subject it to critical vibration as 
it occurs in many phases in a liigli 
power aircraft engine. It was also 


obvious that the engine would induce 
these torque and vibration conditions on 
the fuselage structure at all times and 
for all conditions of flight including 
when the airplane structure was loaded 
to design limits by the air loads of 
prescribed maneuvers. Therefore, many 
calculations were made and numerous 
physical tests were instigated to check 
the vibration resonance period around 
(he vertical, lateral and rotational axes 
of freedom to insure that no resonance 
would occur in the airplane structure 
that would prevent satisfactory function 
of the engine shaft drive or unre- 
stricted use of the airplane. How 
well this work was done is borne out 
in the final flight and ground tests of 
the airplane, where the only resonance 
that was found for any condition of 
operation was a local vibration in a 
sub frame at the cockpit doors that 
acted up in flight at 2,200 r.p.m. en- 
gine speed. This small item was quickly 
modified to eliminate its case of St, 


The .\llison Engineering Co. con- 
verted their designs to metal as rapidly 
as possible, and within a few months 
after the beginning of this development 
work produced a complete engine shaft 
and gear box assembly test set-up. .A 
special support was built on the test 
stand at the .Allison plant to support 
the extension shaft and propeller drive 
gears in a manner that would simulate 
the conditions of support as they oc- 
curred on the actual airplane. This 
supporting structure permitted the for- 
ward end of the extension shaft lo 
bounce to the vibnilions induced by 
the propeller and torque with a total 
vertical amplitude of about 3i in. which 
nould correspond to the maximum de- 
flections that would occur iit the air- 
plane structure under the full design 
load. Very complete and exhaustive 
tests were run on the drive shaft at the 
■Allison plant and during these tests the 
entire drive arrangement was run for 


considerable length of lime at horse- 
power ratings well above the 1,150 hp. 
normal rating established for this equip- 
ment, the peak being close to 1,400 hp. 
Ac one time during the engine tests the 
gear box at the forward end of the 
extension shaft was deflected lA in. 
out of line and held in this position for 
20 hr. of engine testing at full power. 

drive connections and operation of the 
shaft under a difficult condition could 
not have been ilevised. In some 300 
hr. of test stand running and approxi- 
mately 110 hr. of flight test of the 
engine drive shaft and gear box units 
only one minor difficulty occurred 
which required change. 

lieved that a case history of this minor 
difficulty should be told here. With 
the magnitude of this development 
project and the interest evidenced in it, 
all Che testing was conducted under 
extremely high pressure. .All of the 
{Tarn la page 144) 
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FBOVIDES KCCCSSABY SENSITIVITY FOIl LATEST TYPE SHAKES 



The Bendix Power Brake Valve offers outstanding 
improvements for use with the latest types of airplane 
brakes for metering fluid in combination with an accu- 
mulator or ocher high pressure source. Its advanced design 
materially reduces the lag and un- 
even operation found in previous 
valves of this type. The Bendix 
valve maintains the "feel" of diiect 
pressure application by metering 
fluid in direct proportion to the 
pedal load. 

The unit, which is extremely 
simple in design, incorporates im- 
proved Bendix poppet valve con- 
struction with positive searing, and 
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the pressure loss through the valve is extremely low*. 
Operation is smooth and noiseless. The valve is equipped 
chroughour with ball and needle bearings. The weight 
of the valve Is only 32 ounces, yet it is designed and 
constructed to withstand severe abuse and rough handling. 

Full adjustments are provided to cake up slack in 
operating cables, for sensitivity, and for point-of-pressure 
pickup. Where desirable, the valve is equipped with 
a packing lever latch as illustrated which will maintain 
pressure in the brakes for long periods of time. 

BENDIX AVIATION, LTD. 

BURBANK • CALIFORNIA 

IP7r/, or write Mi on year haerbead [or eomplefe Bendix Hydranik Catalog 
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Rear Engine Installation 

{Cotitmu^d from page 142) 


engine tests were watclieci with an ex- 
tremely critical eye by the engine 
manufacturer, the Army Air Corps, 
airplane manufacturer and aviation 
industry at large. The trouble which 
developed in the engine occurred in a 
quill drive shaft located in the accessory 
drive section of the engine. This quill 
drive shaft was a new mechanism 
that had not been used in any previous 
Allison engine and was part of the 
modification of the basic engine design 
to permit the use of the extension pro- 
peller drive shaft. Due to the un- 
fortunate limitations of standardized 
technical nomenclature the engine ac- 
cessory quill drive shaft was none the 
less a drive shaft and could be and was 
readily confused with the extension pro- 
peller drive shaft although no similarity 
of function or design existed. The 
quill shaft trouble was readily tracked 
down and determined to be a. condition 
of flutter that occurred in the small 
spring quill accessory drive shaft. At 
idling engine speeds the fly wheel effect 
of the rotating mass of the engine crank 
shaft system tvas inadequate to prevent 
the torsional resonance of the exten- 
sion propeller drive shaft from deflect- 
ing through to the accessory drives- A 
simple dampener mechanism attached 
to the quill shaft eliminated the trouble 
but the damage had been done. The 
aircraft industry grape-vine carried the 
news that the Allison extension drive 
shaft engine developed for the Bell 
P-39 was having shaft trouble. Three 
years later it is still not uncommon for 
representatives of Allison or Bell to be 
queried as to whether the extension 
shaft trouble was ever completely over- 
come. The true story of the shaft trou- 
ble is that the propeller extension shaft 
drive has never given a minute's trou- 
ble or displayed any undesirable func- 

that the small quill accessory drive 
shaft in the engine has been properly 
fixed and is operating satisfactorily. 
Tile story of the shaft trouble is told 
here in the hope that it is no longer news. 

As has been stated before, the devel- 
opment of the extension drive shaft in- 
stallation was the major problem to be 
solved in the construction and develop- 
ment of the P-39 Bell .Airacobra air- 
plane. All of the ability, research and 
test facilities of the Allison Engineer- 
ing Company and Bell Aircraft Corpo- 
ration were concentrated on the solu- 
tion of this one basic problem and the 
satisfactory results obtained from the 
installation must reflect to some extent 
the effort placed on this development 


work. The extension drive shaft in- 
stallation is, however, not the only de- 
velopment and innovation incorporated 
in the P-39 airpl.inc. 

Other new innovations, one of which 
was submerged cooling, were also in- 
corporated in the Bell P-39 airplane. 
"Submerged cooling” is a technical 
term that describes an arrangement 
wherein holes are provided at suitable 
points in a basic airplane component, 
such as the wing surface, through 
which the air required for cooling the 
power plant is taken in and discharged. 
Inlernal duct.s are provided to conduct 
the cooling air from the entrance hole 
to the exit hole and the radiators or 
other heat dissipation equipment are 
located in these internal ducts. Since 
the fuselage shape itself had been made 
to a true streamline form of optimum 
aerodynamic efficiency it was believed 
undesirable to destroy this condition 
by the addition of numerous scoops 
and ducts and external appendages such 
as were normally used to house the 
radiators and conduct cooling air to and 
from them. A large amount of basic 
research work had been done by the 
National Advisory Committee for Aero- 
nautics regarding possibilities and de- 
sirable arrangements for submerged 
cooling and for proper design of inter- 
na] ducts in the airplane wings. .\n 
early phase of this arrangement had 
been used very successfully on the Bell 
•4iracuda and it was indicated that the 
large amount of cooling air required 
could be obtained with minimum effect 
on the aerodynamic characteristics of 
the P-39 airplane by taking cooling air 
in approximately at the stagnation point 
of the leading edge of the wing and 
expanding the duct internally to the 
prestone and oil radiators and by pro- 
viding a converging duct aft of the 
radiator leading to a discharge locatetl 
at or near the trailing edge of the wing. 
From tests made on models and from 
design data available from N-^CA 
this arrangement for cooling was in- 
cluded in the airplane and is no small 
contributing factor to the superior per- 
formance of the P-39. 

.Another of the innovations in the 
airplane was the inclusion of the 37 mm. 
automatic aircraft cannon of the type 
developed by the U. S. Army Ord- 
nance Department suitable tor firing 
37 mm. explosive projectiles at 2,000 
ft. per sec. muzzle velocity at a 
high rale of fire- This gun, weighing 
close to 200 ]b., bad been developed 
for the use of our Army as an anti- 
aircraft defense gun, and was at one 
time, not too long ago. considered too 
large and powerful to ever be carried 
by small fighting military aircraft. On 
the -Airacobra the arrangement and 
equipment and facilities for mounting 
and carrying guns permitted the de- 


sign of a proper placement and sup- 
port and location of the gun and feed 
mechanism so as to permit its installa- 
tion. The carrying of this powerful 
weapon, precedent for which has been 
only established in the Bell Airacuda. 
a large, twin engine multi-place fighter 
which carries two of these guns, is an 
important factor in providing increased 
fire power. Installation was also made 
in the isolated forward gun compart- 
ment of the P-39 fuselage to install 
two .50 caliber and two -30 caliber air- 
craft machine guns in a very compact, 
accessible and satisfactory manner. 
These five guns grouped closely on the 
pilot's line of sight at the centerline of 
the airplane provide a concentrated 
mass of fire power that is believed to 
be the greatest carried by any single 
place, single engine military airplane 
in the world- The arrangement of the 
airplane and the gun installation is such 
that a 20 mm. cannon of extremely high 
power firing explosive bullets may be 
substituted for the 37 mm. canmiii 
where it is desired to have higher muz- 
zle velocity and a more rapid rale of 
fire with somewhat smaller size ex- 
plosive projectiles. Provisions have 
also been made in the airplane to install 
four -30 caliber machine guns in addi- 
tion to the other armament in the wing 
panels outside the propeller disc, to 
provide an increase volume of area 
fire in addition to the concentrated fire 
power located in the fuselage. 

The placement of the pilot ahead of 
the engine in his little "office” located 
near the nose provides some innova- 
tions and visibility not heretofore real- 
ized on single engine tractor military 
aircraft. The vision provided for the 
pilot is excellent in all directions. So- 
called fighting vision (or the pilot in 
the area forward and down is a very 
important consideration. Vision in this 
area is provided on the P-39 equal to 
that obtained in most twin engine air- 
planes and is a very desirable feature. 
There are numerous other innovation.s 
in detail design of the airplane which 
are beyond the scope of this short dis- 
cussion; the use of magnesium alloys 
for certain parts of installation and 
construction permits a saving in weight 
and reduction in size of the airplane 
to a minimum, the completely tested 
and developed tricycle gear added much 
to the safety for operation and utility 
for the airplane, certain aerodynamic 
tlevelopnieiils in the design of the wings, 
wing flaps and surface control system, 
make the Bell P-39 Airacobra a com- 
pletely modern and distinctly advanced 
military airplane with great speed, ex- 
ceptional facility tor maximum utility 
and extremely powerful fire power. It 
is indeed a development in which all 
wlio have done their part should feel 
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"The Glenn Mortin Bomber , , , has wen its wings wHh distint- 
lion . . . Beavorhrook showed me a cryptic cobfe he half re- 
ceived from a squadron-leader friend of his. The table merely 
read, 'Mr. Martin doing very m'cefy here. Did some boxing 
yesterday and won by a K. O.’"— QUENTIN REYNOLDS, in 
Collier's for January 25, 1941. 

Cahle^ams are expensive: adjei'tives are luxuries. But in 
unadorned dispntohes from tlie Meditermneiin the Martin 
167-B4, whieli the R. A. K. has dubbed the “Maryland." 
earns simple tribute from Britain's fighting men. 

We read that the ‘‘Maryland" is “well suited to de.<ert 
warfare." And Britain’s enemies fall baek in eontusion from 
bomb-shattered strongholds in Northern Africa. 

“A Qlenu Martin bomber is orediterl with taking tho 
Taranto pictures." And a round-up broadcaster from Cairo 
tells of an uirplanc wliicli rode over the angry, awakened 
Italian naval base in tlie wake of Briti.sh bombers and 
roared away with pictures of the ruin iielow, while pursuit 
craft and anti-aircruft simpneil at its tail. 


That cablegram above — it is an example of terse report- 
ing: a thumbnail story of a bomber that can turn and fight 
like a pursuit ship. 

And of vitJil importance is the fact that several hundred 
of these bombers have been sent into tho war zones. To 
produce tliem Martin broke a world record of construction, 
built a 440,000-square-foot plant addition in 77 days, Hew 
the first ship in six months and turned out the first order of 
more than a hundred in ten months. “Mr. Martin" is 
indeed “doing very nicely." 

THE QLENN L. MARTI.V COMPANY, BALTIMORE, MD., f. S. A. 
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A job to hi-ecik 4 omps at IttO volts X^IHUinOJJUO times 



Be/iriix-.SVi/ifillci s'o/veri this pnililem with 

Wilco Aeralloy Contacts 


• Through more than 15 years iti the airplanes on every 
airline, and in the Arm\ and .Na\> — Wiieo Aerallo; coii- 
laet points in Bcndix-Si'intilla Aircraft Magnetos have 
oper.ited with a high degree of satisfaction, yalurally 
Benriix-Scintilla continues to rely on W'iiro for this litul. 
pnvision-huilt aircraft magneto part- And just us Wilco 
meets the.se exacting requirements for electrical contacts 
— so do Wilco Therniometals (thermostatic bi-melalsl 


throughout the aviation industry, provide absolute depend- 
ability for temperature control -or reaction from tem- 
perature change. Send for your copy of the Wilco Blue 
Rook- It gives engineering data 
on all Wilco products. 

Thk H. a. Wilson Company 
105 Chestnut St.. Newark. .V. /. 

Branches: Chica/io * Detroit 
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Plant Layout 

iConliniifd from fiogc 49) 


must be brought into being by a crea- 
tive process. The layout engineer 
should among other things be able to 
bring to bear knowledge of plant con- 
struction material handling, manufac- 
turing processes, production control, 
management coordination, methods ana- 
lysis and office organization. The real 
substance of an industrial expansion 
must come from men who are accus- 
tomed to dealing with the specific prob- 
lems in the industry from which the 
new expansion is taking root, from men 
who can speak from experience about 
the work of their departments or those 
under their supervision. 

In connection with operating de- 
partments methods time-studies were 
mentioned. The changes or improve- 
ments indicated, as well as the operation 
flow charts, should be ok’d by those 
who will be responsible for those 
operations when the new set-up gets 
under way. If there is a separate unit 
charged with determining the selection 
of new equipment, it will naturally make 
decisions of this kind, but again there 
is much to be gained by having those 
who will later be responsible lor oper- 
ation contribute their suggestions. 

In the field ol material handling, 
covering receiving, storage and ship- 
ping, there is a wide range of possi- 
bility offered from the experience of in- 
dustry as a whole, but here again 
those charged with handling the work 
in the present plant may have much 
of value to suggest in the development 
of methods best adapted to the new 

This principle holds true in the plan- 
ning of new offices, both as to equip- 
ment and arrangement. Flow charts 
are valuable here. One particular item 
might well be mentioned. There are 
many reasons for traffic from outside 
offices being planned so that people 
do not stream past clerical workers to 
reach executives, contact clerks etc. 

In manufacturing or shop operations 
many gains achieved in a new layout 
come from a careful study of physical 
conditions. A balance must be arrived 
at in the allotment of working spaces. 
Crowding is bad, but time and effort 
expended in excessive walking about 
eats into the work which a man can 
accomplish. This is especially true if 
he has to carry something during such 
movement. 

If pans can be handled without lift- 
ing. the nuin-hours per part are cor- 
respondingly reduced. If a man can 
do his work without bending over or 
reaching up, his effort saved, multiplied 


by the number of men on 
will build more airplanes. 

Adequate lighting will have as much 
effect as any other factor in getting 
out satisfactory products and in main- 
taining the vigor of the men. The 
problem of lighting is a difficult one 
to solve, but one principle seems to 
be cardinal. Every effort should be 
made to prevent glare. This applies to 
bright light reflecting from working sur- 
faces into a man’s eyes, which inter- 
feres with his work, and to glare spots 
from light sources shining in his face 
when he looks up from his work or 
has to move about. It is wasteful 
to spend good money to develop equip- 
ment or methods for increasing produc- 
tion only to lose part of the gain 
through poor lighting. It is expensive, 
and poor labor relations, lo spend large 
sums hiring and training men only to 
spend money over again when eye- 
strain contributes to labor turn-over. 

Koise is another factor to be con- 
sidered. Some work must be noisy, 
but there is no reason why more quiet 
departments, where men are trying to 
concentrate, should be blasted by noise. 
Both by proper location and through 
the use of curtain walls, much can be 
accomplished which will improve the 
working condition and bring real divi- 
dends. The fact that the office is 
usually well insulated proves that some- 
body believes that noise prevention has 

The subject of heating, ventilating 
and air conditioning is in some respects 
similar to the subject of noise. When 
a man's fingers are stiff he doesn't 
handle things with normal dexterity, 
and if his body is cold he doesn't 
loosen up by thinking about it. If he 
must hold a given position at work 
he can't warm up, and if he dances 
about, he isn't working. Also for 
another reason, the work falls off when 
it is too hot, some say 35 percent when 
the temperature rises over 90 deg. To 
build more airplanes in as short a 
time as possible, adequate heating, vent- 
ilating and air-conditioning are bene- 
ficial. As a matter of morale, such 
provisions are worth considering. As 
a matter of dollars and cents there are 
data showing them to be good invest- 
ments. The question as it affects lay- 
out might be said to be extraneous 
and the policy involved is a matter for 
higher-up decision. But the location of 
facilities for such purposes can affect 
dcparlmental layouts, especially if ducts 
cast shadows, culling off lights from 
sawtooth, monitor and wall window sur- 
faces, While in turn the disposition of 
beat-making machinery and the num- 
bers of employees in departments have 
important bearings on the economy of 
layout of heating, ventilating and air- 
conditioning systems. 

N'o study of layout is complete with- 


possible later expansion or changes. 
Theoretically, the simplest provision for 
later expansion is to make room for 
building new units or extensions to 
house various processes. Where a plant 
is laid out as one continuous straight 
line, and expansion can be had by 
growth of each department sidewise, 
such a scheme is almost ideal. But 
titis is not always practicable. Changes 
of type or design of product which the 
market may demand are likely to affect 
directly the floor areas given over to 
assembly and fabrication departments, 
to change their proportionate areas, and 
to require the addiKon of new depart- 
ments. Where the shape of the building 
or buildings has already been deter- 
mined in advance of layout, the oper- 
ations may in plan follow other than a 
straight line progression. Fabrication 
departments may feed out to assembly 
lines flowing crosswise past them. En- 
closed departments may need room 
within themselves for rearrangement 
and expansion as equipment undergoes 
improvement or the demand for given 
processes increases. But as far as pos- 
sible the layout engineer should try 
lo leave for each department unob- 
structed space info which to expand by 
future building additions. If the prob- 
leni is limited to making the best full 
use of an existing building with no 
expansion possible, the layout of course 
is narrowed down to that of creating 
the most efficient operation within that 

Traffic is another major layout prob- 
lem. The widths of traffic arteries 
should provide for the volume of men 
and material to be handled. In gen- 
eral, the greatest streams of traffic 
within the plant should be made to 
traverse the shortest distance. Traffic 
outside of buildings today calls not 
only for adequate sidings, truck drive- 
ways and storage spaces, but the neces- 
sary provision for parking employees' 

In addition, traffic should be looked 
upon as means of communication. If 
men have lo converse, send messages 
or otherwise get in touch with each 
other, if no other means are available, 
somebody has to walk somewhere. In 
a large modern aircraft factory one 
can walk miles in a day. Without com- 

of hundreds of people would be spent 
walking around, which cuts down the 
time of doing work or making deci- 
sions, and slows things down. Hence 
a study must be made of the need for 
telephones, signals, message conveyors 
and other equipment, and the traffic 
volume and locations of communica- 
tion devices diagrammed and built into 
the plant layout- 
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Similar study should be given tu 
other services. V\'ashrooms must be 
provided. Timekeeping units must be 
strategically located. First aid rooms 
mu.st be readily available. Clockhouses 
and exits are important to consider with 
relation to the departments they must 
serve. The location and design of 
stockrooms is essential. Toolrooms and 
toolcribs must be conveniently placed 
no matter who obtains the tools for 
the work. Production control units 
must fit efficiently into departments. In 
fact the general scheme of routing and 
planning, together with questions con- 
cerning the centralisation or decentral- 
ization of production control, are largely 
influenced by the ramification of oper- 
ations and the degree to which the work 
is spread over a large area. All these 
services gain by forethought in the 
original layout. Putting them in later 
as afterthoughts means the niultiplica- 
lion of clerical help as well as an addi- 

Safety is another factor which creeps 
into the problem of layout. Hazardous 
processes should be carefully planned. 
Men working at them should be free 
from distraction by passing traffic. Men 
on machines and benches rarely need to 
work under moving cranes or other 
workmen who might inadvertently drop 
parts or tools. Projecting equipment, 
or unshielded machines splashing oil 
on the floor, must not be placed where 
men who must walk or work near them 
can be injured. Others should have 
no access to operations where explo- 
sions or other accidents can harm them. 
Men should be railed away from 
charged electrical equipment and their 
machines or work places kept at a 
distance. Tlie safety engineer will build 
safety into the machines in the depart- 
ments. But the layout engineer must 
huild siifcty into the operations as a 

To return to the diagrams or flow 
charts by means of which the movement 
of materia! progressively through the 
operations is studied and organized, it 
should be pointed out that it is here that 
certain accessories to the work should 
be considered. What size of table or 
bench does the machine operator need 
for layout, or parts, or his own tools? 
What provision should be made lor 
spreading out large blueprints? Will 
raw slock be delivered on wheeled 
tables or in tote boxes or how? If 
the work is bulky how much space 
will be required before or after oper- 
ations? What means are necessary to 
keep workplaces clean? How much 
energy will be saved for the work if 

stages of his operation, and how can 
this be provided for without taking 
up too much space? What provision 
must be made ior hoists, roller con- 
veyors, lifts, etc.? If a man can run 


more than one machine wlial is the best 
combination arrangement? Which ma- 
cliiiics need the most frequent supervi- 
sion or attention by inspectors, and 
tiiercfore. slumki be most accessible? 
Which machines are likely to make the 
most extended runs, which require the 
most frequent replenishment of stock, 
which are more often dependent upon 
toolcribs? 

It has taken millions of yctirs for 
nature to evolve such complex organ- 
isnis as nien and animals, and the laws 
and purposes of mature arc very defi- 
nite, the process of adaptation very 
gradual. lu a sense man has dreamcti 
and been evolving the airplane in a 
flash of lime. He has dreamed and 
been evolving llie tools of industry with 
which to make it. in but another flash 
of lime. Yet war has forced him to 
try to go still faster. Whether the 
problem be the layout of a job shop, 
a parts fabrication and assembly shop 
or a whole airplane factory, it may be 
worth while to recognize it as a kind 
of synthetic evolution by means of which 
the cooperative contributions of the ex- 
pcriencetl key men, trained technicians, 
and engineers available arc put through 
a rapid process of adaptation and crea- 
tion to the end that the normal growth 
of a generation he applied to the imme- 
diate need of the industry to produce 
f|uick results for the national defense. 
(lu a fumre issue Mr. Parsons will dis- 
etiss ways of iitcrcasiiig firoduel ion 
through eoiitrol methods and iuccu- 


Direction Finder 

{Continued from page 43) 


which is now being redesigned to be 
placed into commerci.il form has never 
given an inaccurate bearing greater 
than deg. This direction finder re- 
sorts to a device inventeil in 1908 
lint which was discardetl because it was 
not highly satisfactory for use with 
long-waves {then the only waves in 
common use) and (in-sensitive) re- 
ceivers. This direction finder incor- 
porates in it every known principle oi 
direction finding which has been learned 
(largely by the English) in the past 
is years of direction finding research. 
The direction finder consists of a re- 
ceiving unit which must be iDcatcsl 
clear of all power wire, wire fences, 
etc. This unit has attached to it the 
directional array. From this directional 
arrav comes a pair of telephone lines 
to tlie dispatch office where the con- 
trol ami indicating unit are located. 
The control unit can place the direction 
finder in operation by using the same 


pair of [clephoiie wires which bring.s 
liack the bearing indication. The bear- 
ing is recorded on a piece of paper 
each lime that the pilot turns on his 
transmitter. These papers having the 
bearing marked on them may be filcil 
ior future reference in case they should 
ever be needed. 

The device compensates for the fol- 
lowing effects which can produce 

1. Wave polarization 

2. Diversity 

3. Capacity coupling 

4. Layer oscillation 

In addition to the above the secret 
of the accuracy obtained is a positive 
means for identifying false bearings. 
The only means tor detecting false 
hearings which have been used in the 
past were for the operator to discard 
those bearings which to him sounded 
"hollow’’. Obviously only an operator 
with long training can tell whether a 
bearing has a ’’hollow” sound. This 
ilircction finder incorporates an indi- 
cator which very definitely gives the 
quality of the bearing. 

Xow the question arises as to liow 
tills direction finder is to be used. Only 
line of these direction finders will serve 
to five a line bearing but no position. 
Two bearings not in line with each 
other must be obtained if the location 
oi a plane is to be known. Multiple 
benriiigi giving the lucatiun of a plane 
may be obtained if the airlines incorpo- 
rate and install these direction finders 
in order to take bearings on each 
ollii-r's planes and transmit them by 
u'ire. The govermnem can of course 
install these direction finders and fur- 
nish a service to the aitlines as well 
as to the ilincranl flyers. Even if this 
is not done an airline can install 
direction finders at its terminals and 
ilic line bearings obtained will serve 
a useful purpose to the dispatcher. 
When a plane has deviated from its 
course the dispatcher immediately knows 
even though lie does not know where 
the jilane is actually located. If an air- 
line operates over airways which ilo 
not form a straight line but intersect 
at some angle, bearings can be taken 
from the various stations and be trans- 
milled to the control station every time 
a plane transmits. OI course, an air- 
line can locate stations at strategic 
positions but this is rather an expensive 
procedure. We are not certain at this 
lime just how we will use these direc- 
tion finders, but feel that even the 
tine bearing which can be obtained 
from a single, simple installation will 
be of great help in assuring the safety 
of aircraft in flight. By using the sys- 
tem and techniques described it is be- 
lieved that the di.spatclier will know 
that the plane has not deviated from 
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Harvey Directional Control 

iContiniied from pcge 53) 


Engine Suspensi- 

{Coniinued from page 631 


arc no longer equal, the signal from one 
station will overbalance the other and, 
by means of a thyatron tube control, 
suitable correction is applied to the 
rudder through the servo motor. 

Following a long period of flight te£t> 
ing with laboratory equipment, a pro- 
duction model of the Harvey control is 
now being manufactured on order. It 
will be obvious to the reader that this 
control has the widest possible applica- 
tion in both scheduled and non-sched- 
uled civil aviation, and in military fly- 
ing. While the Harvey control is now 
much too expensive for the ordinary 
non-scheduled flier, it is well within the 
financial reach of airline operators. 
Weight is not a serious problem in 
either case, as the complete installation 
amounts to approximately 80 lb., al- 
though some of this equipment may he 
standard. For the non-scheduled oper- 
ator it will become obvious through a 
brief study of a map showing com- 
mercial broadcasting stations of North 
America, that there is no spot very far 
from a straight line intersecting two 
convenient stations. Especially is this 
the case in view of the demonstrated 
range of the Harvey equipment of well 
over 1,000 miles. Incidentally, strength 
of signal is no problem in tuning the 
set, since tuning is done by meter, 
rather than aurally. 


For the airline operator it should be 
a simple matter to set up special radio 
signal stations if desired, although this 
is obviously not necessary in view of 
the fact that all cities and towns served 
by airlines are also served by one or 
more radio broadcasting stations. 

From a military standpoint the 
Harvey control has wide implications. 
Through use of portable broadcasting 
sets placed with mathematical accuracy 

target it is possible to reach that target 
automatically regardless of visibility. 
The amount of fuel conserved through 
improved accuracy of navigation would 

much bombing activity. Furthermore, 
by setting up a second line of control, 
intersecting the navigation line on the 
desired target, it is possible to incorp- 
orate automatic bomb releasing. While 
such bombing would necessarily be of 
"area” type, rather than selective, it 
should be highly effective in directing 
attacks against an entire city. .Accuracy 
of such an operation could be greatly 
aided by observation under conditions 
of favorable visibility, and appropriate 
correction of the radio control station 
locations. .A further interesting possi- 
bility is the directing of entirely auto- 
matic "flying torpedos" by this method, 
employing no crew at all. 


with the mount to reduce vibration 
in the plane?” This is a modern ver- 
sion of the same problem which man 
faced when he first hitched a horse to 
•a wagon. The horse did not move 
forward as a rigid unit. In moving 
his legs he moved one shoulder forward 
faster than the other. Then he re- 
versed. The center of gravity of the 
horse advanced quite steadily, but the 
man had no way of hitching on to that. 
Even in that early day a vibration 
specialist must have been on the job. 
His invention, the whiffle-tree, is still 
in use today. But a vibration special- 
ist is a practical cuss with no senti- 
ment whatever. Do you recall his 
brain-child, the whifHe-tree (see sketch 
— Fig. 2), and the job he gave it? 

.A good example of the conventional 
type of flexible mount is shown in 
illustration No. 1, a Condor mount. 
This mount had a great deal of flexi- 
bility in all directions, but it permitted 
the weight of the engine to cause droop : 
that is, it was "coupled", decidedly 
so. At first glance, "coupling” seems 
.1 necessary evil. But let's see what 
dynamic suspension does with it, 

Dynamic suspension prevents droop 
(coupling) by giving the equivaleni >f 
support in front of, as well as behind, 
the center of gravity (Fig. 3), Whc' 
this is done to just the proper degre. 
the tendency to droop disappears ar 
does not reverse itself. Then sha. 
remains purely shake, producing 
pilch or yaw. and is "decoupled”. 

Now what becomes of the tenden.' 

for one of the points of support (inoun' 

ing lugs) to move forward while th> 
opposite one moves back (movements 
which are part of pitch and yaw) ? 
Like the whiffle-tree, the links of the 
dynamic suspension mount permit this 
relative motion without transmitting the 
tendency to move. Also like the whiffle- 
tree, they hold the proper relationship 
of the power unit as a whole. 

Fig. 4, upper half, shows vibratory 
motion in the pilot's seat, (actually 
recorded). Note the motion present 
with the conventional mount — more 
than twice that which occurs with 
dynamic suspension. The lower half 
of this picture shows how dynamic 
suspension reduces vibratory stresses in 
a motor mount member. Note too how 
the vibratory stresses, which peak at 
objectionable rpm within the oper- 
ating range with the conventional in- 
stallation, are consolidated at rpm in 
or near the idling range when dynamic 
suspension is used. 
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Thread Cutting Screws 

(Continuei from page 64) 


The vibration test machine was built 
and equipped to pre-load the test strips, 
then flex the screw and rivet fastened 
joints at approximately 5,200 cycles per 
minute. Tensile loading and amplitude 
of mavement could be varied as may 
be seen in the diagramatic sketch. (Fig. 
1) Biggest surprise came from the re- 
sults of these vibration tests. Where the 



Results of shear and axial tension 
tests were equally impressive as may be 
observed in the accompanying perform- 
ance curves (Fig. 2), and the graphic 
summary of ultimate shear and tensile 
loads held by the two types of fasten- 
ers. Note that average results are con- 
siderably belter for thread-cutting 

curred in the held material and not in 
the fasteners themselves — thus illustrat- 
ing the holding ability rather than the 
int^ral strength of the fasteners. 

Galvanic corrosion effects caused by 
the association of steel screws and alu- 


studied- After 250 h> 


admium plated screws were dipped 
c chromate paint before driving. 
5, of course, too early to regard 
tests as conclusive. They do show, 


Cost of Planes 

(Conlioued from page 156) 



SUMMARY OF TEST RESULTS 



to consider how much flying time a 
dollar will pay for as the plane use is 
increased. Figs. 4 and 5 illustrate this 
clearly. 

Planning Necessary. While such a 
method of plane use as outlined above 
has advantages in greatly reducing 
costs, the difficulties of joint ownership 
must be remembered. As soon as more 


sponsibility for its maintenance and 
the scheduling of flying time should be 
vested in one individual. 

In choosing the group to participate 
in the use of a plane it may be well 

schedules and vacation periods of men 
forming the group. Only in this way 
can the greatest use of the plane be 


If it 


f the 


e group or club to Hy more, a 
sliding scale of monthly charges may 
be used- For example $S for the first 
hour flown, $4.50 per hour for the 
next 4 hr., and $4 for all flying time in 
excess of S hr. for any month. 

Responsibility. Private owners of 
planes may insure their legal liability 
for injury to the person and damage 
to the properly of others under a lia- 
bility and property damage insurance 
policy. Where a plane is owned 
Jointly by a group of individuals, as in 
a partnership, it should be remembered 
that any one individual in the partner- 
ship may be held personally responsible 
for the damage caused by the partner- 
ship-owned plane. Insurance policies 
afford ample protection against claims 
arising from such responsibility up to 
the limits of liability of the policy. 






Drop Hammer Technique 

(Contimed from page 55) 


greater than .064, there will be a tend- 
ency of the material to work-harden 
rapidly. In connection with stainless 
steel, gages from .008 to .049 may he 
handled without excessive difficulty. 



The dinghy housing and the cabin 






from actual practice. Their observance 
will facilitate the production of parts 
and will insure low production costs. 

•Aluminum and aluminum alloy sheets 
of all types may be formed on the drop 
hammer, although the most economical 
alloys for production are; 3SO, 3S}H, 
24SO, and 52S. Stainless steel and 
similar metals may be formed, pro- 
vided the metals are in an annealed 
condition. It may often be necessary to 
provide steel punches and dies for these 
harder metals. However, simple form- 
ing operations can be done satisfactor- 
ily with the conventional equipment. 

With reference to aluminum alloys, 
the most practical gage for drop-ham- 
mer-formrf parts is .051. Thicknesses 
under .025 cannot be satisfactorily 
formed because of their tendency to 
wrinkle excessively. If the thickness is 


A wide range of dimensions may be 
handled on the drop hammer. Parts 
may vary from small brackets up to 
large units covering the whole drop 
hammer bed. The maximum size bed 
on the largest hammer Is approximately 
34 by 4 ft. In some cases, where draw- 
ing is not too severe, it is possible to 
use dies that overhang the drop ham- 
mer bed. Thus, the over-all length 
of parts may be greater, although the 
width cannot be increased. In any 
case, where this method seems desirable, 
the production staff engineer should be 
consulted. 

W'ork on the drop hammer is defi- 
nitely not classed as a precision opera- 
tion. Dies have a tendency to spread 
with use, causing finished parts to 
‘•grow." Therefore, it is impractical 
to demand close tolerances on drop- 
hammer-formed parts as in punch press 
work, or even as in hydro-press work. 
Generally speaking. 1/32 may be held 
on the average small part. Chart I 
gives the approximate tolerances re- 
commended for use with drop hammer 
pans, according to their respective 

As to tolerances on curvature, the 
shop should be allowed a.s much free- 
dom as possible provided that the part 
will fit and function satisfactorily. Re- 
quiring the shop to hold closely to pre- 
scribed curvatures results in excessive 
production costs and should definitely 
not be required unless there is sufficient 
justification. 

In all cases the largest possible radii 
should be specified consistent with de- 
.sign requirements. Chart II illustrates 
the relative size of radii required under 
certain given conditions and gives ap- 
proximate radii recommended as gov- 
erned by the size of the finished pari, 
(rarn to page 162) 
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Deeper forming can be done on the 
drop hammer than can be accomplished 
on the hydro-press. For example, on 
the drop hammer, metal can he drawn 
to a depth equal to the span of the de- 
pression, while on a hydro-press, ma- 
terial can be stretched to a depth equal 
to only one-fifth of the span of the 
depression. With drop hammer form- 
ing, no limit is imposed on drawing by 
the stretch of the material to the tear- 
ing point, as is encountered in hydro- 
press forming. The limiting factor is the 
tendency of sheet metal to wrinkle around 
the area of the top of the die. When a 

wrinkles can no longer be taken up 
by shrinking, further drawing cannot 
be accomplished satisfactorily. If very 

accomplished much more easily if no 
flanges are specified on parts (See 
Fig. 6.) It is much more practical to 
attach flanges by riveting, spot welding, 
or other methods than to incorporate 
them in the drawn part, (This applies 
particularly to deep drawn parts). If 
superfluous material can be trimmed 
just below the first band (See Fig. 6), 



eliminated. Where flanges are essen- 
tial, limitations on the depth of draw 
are most pronounced in connection with 
cup-shaped or tub-shaped parts which 
involve the drawing of sheet metal to- 
ward the center from all directions. It 
the part is roughly formed like a deep 
channel, or if it has open ends, the 
problem of drawing is much simplifled. 
(See Fig. 7.) 

In general, it may be said that the 
drop hammer is most efficient when 
used for severe forming. Other meth- 
ods may be preferable for producing 
parts having large flat surfaces with 
slight curvatures. 


Drop-hammer-formed parts (similar 
to forgings) must usually have a draft 
angle whi^ is approximately 3 deg. 

some cases produce parts with practi- 
cally no draft, it is recommended that 
such parts be referred to the production 
staff engineer before release. Occasion- 
ally draft angles greater than 3 deg. 
will be necessary to permit conformity 

The shape of parts should also be 
considered with reference to the loads 
and force acting upon the dies by 
which they will be produced. Forms 

generally unsatisfactory, since the die 
has a tendency to split under the im- 
pact of the w^ge-type punch required. 
(See Fig. 8.) 

Occasionally, reverse draft angles 
may be required, and this may be 
accomplished by rotating the die from 
a horizontal plane to an angular situa- 
tion. (Set Fig. 9.) Reverse draw (Fig. 
10), should be used discriminately. 
Since flow of the sheet material is neces- 

not be restrained or a possibility exists 
that the material will tear. Such parts 
are subject to continual spoilage and 
consequently have a high percentage of 
rejection. Furthermore, the life of dies 
for such parts is comparatively short. 


Deep draws in the middle of large 
formed areas should be definitely 
avoided. (See Fig. 11.) In order to 
form a depression of this type, the sheet 
metal must either be stretched or drawn 
from the adjacent material. Therefore, 
wrinkles running radially from the 
draw center are created, and these 
wrinkles often run the full length of 
the sheet, from the center to the outer 
edges. The elimination of such 
wrinkles is a very difficult operation 
and it is much more economical to 
form the drawn part from a small sheet, 
subsequently attaching it to the large 
pan by riveting or similar methods. 
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When You Choose Your Aviation School ^ 
Select the One That / 

trains for LEARERSHI 

in Commercial Aviation 


ou take a long step towards 
assuring your future success 
when you select the school that 
prepares you for a career, not just 
a job, in commercial aviation. 

Therefore, you should acqnainl 
yourself thoroughly with the ad- 
vantages offered by Parks Air 
College — the school that has en- 
joyed Department of Commerce 
approval longer than any other 
in the United States. 

Adhering to full college stand- 
ards, Parks offers you ihoi'ough 
training in necessary technical 
skills. But that is not all. In 
addition. Parks gives you u com- 
prehensive grounding in basic 
principles in your particular field 
of aviation. 

At Parks you develop your ca- 
pacity for independent, original 
thinking, a prime requisite for 
advancement. You learn to think 
problems through to the solution. 
You become familiar with the 


WHY as well as the t low. You 
prepare for a career, not just a job. 

\Villi such a background, spe- 
cialixed in your field, yet broadly 
comprehensive, you can rise to 
leadership; you enn win the in- 
creased recognition and remuner- 
ation that arc the result of ad- 
vancement to positions of large 
responsibility in the industry. 

Determine noiv to select train- 
ing that will equip you for steady 
progress. The rccordsof hundreds 
of Parks graduate.s in commercial 
aviation, who today are in posi- 
tions of leadership, are |>roof of 
the value to you of Parks stand- 
ards and methods of education. 

If your mind is set on success, 
you must match the quality of 
your training to your life plan. 
You're invited to .send for com- 
plete information on the training 
opportunities offered by Parks 
.\ir College. The 6 l-page catalog, 
including full details, will be sent 
upon request. 


EaHl S(. LouiN. Illinois 


PARKS AIR COLLEGE 







Are you hampering production with • • • 






thiotigh this specially desigoed 
whlilleties ilg. With tests eeni' 
pleted the rig was jacked to 9,600- 

still stood up though the teat rig 


WHO MAKE THEIR OWN TESTS 


* Although stressed skin structures of Heskelite Aircraft 
Plywood offer significant advantages in aircraft construction 
they are not expected to be “taken on faith." 

We want all the remarkable qualities brought out in out 
development research to be rediscovered by prospective users 
through tests of their own. Out data and the co-operation of 
Haskelite engineers however ate fully available. 

We invite aircraft manufacturers to prove or let us prove to their 
satisfaction the value of such Haskelite points as: high uniform 
strength not otherwise associated with wood — desirable strength- 
weight ratio — ideal fatigue characteristics — elastic properties 
stressing to near breaking point without permanent deformation 
—Haskelite Plywood’s unsurpassed ability to take smooth curved 
forms suited to aerodynamic demands. Contact us for full facts. 


HASKELITE MANUFACTURING CORPORATION 


208 W. Washington St., Chicago, III. 




Progress in methods and in the equipment used for annealing here 
at SHELBY, OHIO, has been rapid in recent 3'ears. 

Today’s answer to the demand for uniform annealing in OHIO 
QUALITY Tubing is the continuous annealing furnace. Three types 
of these modem furnaces, all under accurate automatic control, assure 
annealing suited to your particular needs. 

Of these perhaps the most important is the controlled atmosphere 
type of annealing furnace in which tubing is uniformly annealed to 
exacting specifications in an oxygen-free atmosphere which keeps 
both inside and outside surfaces of the tube non-oxidized and free 
of all scale. 

Years of research went into the development of this new method of 
annealing and heat treatment. Research still continues. Alert at- 
tention to all technological improvements that can further the prog- 
ress in seamless tube manufacture is today, as in years gone by, 
the solid foundation upon which rests the repuUtion of “OHIO 
QUALITY” tubing. 


■'Ohio'' Qjiality 

'Ufuh%‘^Ms''7/Mdc7Utme 







READING AERO BATTERIES 


. . . Designed especially for aircraft use, READING'S two most recent devdop- 
arc meeting every requirement for start- mencs— Types 324 L.D. and 333 L.D.— 

ing, radio, instruments, etc. arc especially designed and constructed 

Ten years of modern laboratory research, 

in close co-operation with both plane and built of only the finest materials obtain- 

cnginc technicians, has placed READING able— yet carry not a single ounce of 

BATTERIES "FIRST" in aircraft acceptance. excess weight. 

1/ Reading doesn't hate it^Reading will build it. 

CONTRACTORS TO UNITED STATES GOVERNMENT AND PRINCIPAl AIRCRAFT MANUFACTURERS 

READING BATTERIES, INC. 

READING, PENNSYLVANIA • CABLE ADDRESS: "REBAT” 











TORRINGTON NEEDLE BEARINGS AID DESIGN 
AND REDUCE FRICTION FOR SPERRY GYRO-PILOT 



THE TDRRIHETDH COMPEHT, TDRHIN6T0N, CHNE.. U. S. 1. ' ESMBLISHED IEEE 

N.w York BOE'on Philod.lpr.io Dotroil CI«»elond Chlcogo tondor. Enfllond 

TORRINGTON NEEDLE BEARING 


r-— tt:- 



Well cMefiel 


IT’S THE NEW CULVER FOR ’41 


Electric Starter 
Motor Driven Generator 
Extra Strength 12 volt Battery 
Retractable Landing Gear 
80 H.P. Franklin Engine 
Navigation Lights 
Rich Two-Tone Interior 
All Standard Equipment at 
No Extra Cost 



with 


Stratoliner Streamlining 
Pursuit Performance 
Skyliner Stability 


LOOK AND YOU’LL FLY 
FLY AND YOU’LL BUY I 



Menasco In-line, Inverted Aircraft Engines have achieved 
an outstanding reputation in their field for efficiency, 
sturdiness, dependability. Advanced features of these 
engines include TIMKEN Rocker Arm Bearings for 
smooth, accurate valve operation; continuous service 
with minimum attention; long rocker arm assembly life; 
reduced maintenance cost. 


TIMKEN 


No matter what the power rating of the engine may 
be. TIMKEN Rocker Arm Bearings perform in the same 
efficient, dependable manner. They are used in some of 
the most powerful aircraft engines built — up to 2,000 
horse power. Be sure you have them in your new engines. 


TAPIRID mm BIARIMBS 

Minufiefurt'i of TtMKES T«p«rtd RoHf' 
Boorirqi For iofomobilel, motor trucks, 

kinds of industriil mochinorv: TIMKEN 
Alloy Stools end Corbon sod Alloy 
Soomloss Tubing: ond TIMKEN Rock Bits. 


THE TIMKEN ROLLER BEARING COMPANY, CANTON, ONIO 
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FLY CONTACT WITH 


AU-WEATHER 
WINDSHIELD WIPER 


ACROTORQUE 


I. Thr Aerotorgue A/AtVeoMor Windihipid 
of power to ttie wiping blodos. The design 




Proven, efficient, fleiible, end highly odept. 


— an organization dedicated to specialized 
Hydraulic reseach and engineering— Ttas spent 
years in the development of hydraulic devices 
of which the All-Weather Windshield Wiper 
and the Fast Feathering Control Valve, an- 
nounced herewith, are cardinal examples. 

Both products have been fully approved 
and are functioning satisfactorily on major 
aircraft in daily flight where they are impor- 
tant contributions to safety and efRcieney. 

Production has been tuned to the needs of 
the day and satisfactory deliveries cars be 

That Aerotorgue will offer further advances 
and Improved products in the field of Hy- 
draulics for Aviatio/s is assured, since its or- 
ganization is constantly delving into the num- 
erous possibilities of Hydraulic activating 
mechanisms. Its extensive engineering and re- 
search organization is desirous to serve and 
share in the progress of the aircraft industry 
and to render every cooperation to the pro- 
gram of National Defense. 

Correspondence is invited wiHi those who 
are interested in Its present products " 

as those desirous of making use of itr 

sive Hydraulic engineering and research 
experience. 


THE ACROTORHUE COMPAHV 



FAST 

FEATHERING 
CONTROL 
VALVE 









ARnnrnDniiF^SAFFTv 










THE TANNEWITZ WORKS, GRAND RAPIDS, MICHIGAN 


. ........ •Mmf,mmim'W:hVhwm ^ T i 

T4i3 -t<r 90 % f 


Th« speed with which these mechlnes cut sheet steel up to l/s" thick, tubing and kin- 
dred ertides with perfect safety, and the smooth character of the work they do is 
little less than amazing to these who witness it for the first time. (See chart oelow.) 
Labor savings ranging from 25% to 90% ever other methods of cutting are the 
usual thing and one of the reasons these highly developed machines are widely used 
in the manufacture of automobiles, airplanes and products of hundreds of other 
metal working plants. For complete details simply write for bulletin on metal cutting 


I7< 
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CECZO 

in ih*f Xuiittttal itvfvnuv 


Carburetors, Fuel Pumps and Protek-Plugs are small but important Items in forging 
the chain of protection around our shores and our principles, ir CECO products 
for National Defense are being delivered on schedule and production is being 
increased daily. 


handler - fyaifs lorporati liil 


SOUTH MERIDEN CONNECTICUT U.S.A. 


Cab/e Address: “Cheveco” 
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IRVIN 

SETS 'EM DOWN 



Surely, Safely and Gently 

Stondard equipment for British Air Ministry 
and over 40 other government air forces. 



IRVING AIR CHUTE CO., Inc. 

1670 JEFFERSON AVE., BUFFALO, N.Y. 

I <itiitrrr, at: Huff-jh. S.Y.: GU'iffalr. Erie. Cnatut<i: 

I t/ihubrlh. : Biubari^r, Rnrunnia: bto*kbolni. Su'eilen 





PORTABLE ELECTRIC TOOLS 







I Nearly 4000 TYPES of \ 
CASTERS & WHEELS | 


D. W. OMAN 6l sons 

0 ROTALSTOH AVENUE MINNEAPOLIS, MINN. 


DARNELL 


0\AN ELECTRIC PLANTS 

"For Aircraft Auxiliary Service" 




AVIATION RELAYS 

by AUTOMATIC ELECTRIC 



^\uTOMATIC Eledi-ic Relays have 
siood Lhe abuse of a generation of constant daily 
use in automatic telephone systems, They possess a 
built-in quality for which many regular users, who 
know their merit, would gladly pay a premium. 

To the existing practical features that made these 
relays world famous, we have now added new fea- 
tures that enable them to withstand an unusual 
amount of vibration, adapting them specifically to 


When so small an item means so much to the final 
operating result. It should be chosen with extreme 
care. Learn to rely upon Automatic Electric Avia- 
tion Relays on the ground and in the air. 

SPECIAL AVIATION FEATURES 



M 1 1 d J i >J M 


RELAY MAKERS SINCE I89S 



STARRETT TOOLS 
Are Doing Their Part 

In aircraft plants the country over, 
ST.ARRETT TOOLS are helping to speed 
plane production by guarding vital pre- 
cision operations. With safe, dependable 
STARRETT TOOLS on the job, even the 
closest tolerances leave plenty of room for 
speed and confidence. Write for Starretl 
Catalog No. 26-V. 

THE L. S. STARRETT CO. 

World's Greatest Toolmakers 
FrtMe« Tooh..Dial ladUalar,.. Ground Fhi Stock 
Hocksawl . . Metal Culling Bandtawt . . Steel Tape! 

ATHOL, MASSACHUSETTS. U. S. A. 






Even the easiest of 
landings means tons] 

of IMPACT 



B^A^30 

B * A ■* 30 oirplane wing cloth, 
famous for its uniformity, is lighter, 
stronger and more closely woven 
thon other airfoil fabrics. Inquiries 
from deaiers and monufacturers will 
receive prompt attention. 


WELLINGTON SEARS COMPANY 

AK surnr eo. iredouw aeromotive corr. 


R tTRACTABLE landing gear cakes grueling 
punishment when the plane lands. Tons of 
impact must be absorbed. Each pan, even to the 
smallest bushing, must have high compressive 
strength — capable of withstanding the shock of 


You will find Ampco Metal — chat sturdy alloy of 
the aluminum bronze held — specified for retract- 
able landing gear parts. It is used for link bush- 

nuts. bearings, and a host of other applications. 


PREFERRED BY DESIGNING ENGINEERS 

Where reliable performance depends upon no 
"metal failure," Ampeo-made alloys arc being used 
by thoughtful designing engineers. Not only in 
retractable landing gear, but also in variable pitch 
propellers, high speed engines, and tail wheel sup- 


SUBMIT YOUR PROBLEMS 

Engineers needing a metal chat will perform under 
highly stressed conditions are invited to submit 
their problems to the Ampco Engineering Staff. 
No obligations. 


AMPCO METAL, INC., Dept. A-441. Milwaukee. Wis. 



6INIRAI AIRCRAET SURRIV CO. 



-.^WwithAmerteSTAvlatlon 



BENDIX 

SCINTILLA) 


YESTERDAY, TODAY 
and TOMORROW 

The future of that close partnership of Bendiac- 
Scintilla and American Aviation is bright. For it 
is built on the sound basis of mutual confidence 
and assistance. 

Bendiz-Scintilla Magnetos and Spark Plugs 
have lived up to every trust placed in them. And 
this yeai-after-year confidence of American avia- 
tion in those products is a constant inspiration 
for Bendix-Scintilla to go steadily forward with 
improvements. You can counton Bendix-Scintilla 
products being "up there" tomorrow just as they 
were yesterday and are today. 

SCINTILLA MAGNETO DIVISION 






Ilh. 

Have You 

a Machining Problem? 


GOVRO- NELSON 

COMPANY 

1931 Antoinetle Detroit, Mich. 


DAYTON SAFETY LADDERS^ 
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AIRCRAFT 1941 — The Cyclopaedia of Current Aircraft Practice 


:: ^|||i 


Where To Buy 


NEW EQUIPMENT — ACCESSORIES — MATERIALS — SUPPLIES 




1 Fuses aod MoBitings for Aircraft I 



NON-GALLING 
LEAD COMPOUND 



PHENIX 


AIRPLANE DOPES 


CLEAR ar>d PI&MENTED 


PHENIX AIRCRAFT PRODUCTS CO. 


S565 M<ir> St. William, villa, N. Y. 

n.- aii;:s°;, Ss;..,.n. n. v. 


» >iTITANI WE* 

TITANINe INC UNION, N. J. 




ATTAIN eUBATtn HEIGHTS 

AT STEWART TECH IM HCW YORK 



SCHOOL OF AERONAUTICS 

STEWART TECHNICAL SCHOOL 







If tlxre is anything you want— 

or something you don't went thet ether reedert 
of this paper can supply— ' - " “ 


Ayiation's Market Place 


AVIATION 'XLASSiniD" 



SPEED UP.. CLEAN UP/ 


SPKIFY THE NEW 7UECO PUUDIT lor ft 










CLASSIFIED ADVERTISING 


Aviation s 

Market Place 

CLASSIFIED T 0 V ADVERTISIN6 

USED PLANES, ENGINES AND PARTS FOR SALE. TRADE OR WANTED 
SPECIAL SERVICES OF DISTRIBUTORS. FtXB) BASE OPERATORS, ETC. 

ISlUl S*nlc«— »or«9 t— Ourtir— A>riil ot &hlbIKpi<p— Sptcitl Initruction) 

EMPLOYMENT— SELLING— BUSINESS OPPORTUNITIES: OFFERED OR WANTED 

AiJdr.ii AVIATION "Cliiiiiipd", 330 W. 43»d St. N«» YptL N. Y. Pkpio: MEdtllion 34700— E<l. S56 
RATES: UNDISPLAYED, 10 c«nN a word, minimum $2.00.(PoiiLion Wonted: 1/2 The undisplayed rete; boi number 
counts as 4 words). DISPLAYED, $6.00 per inch. Contract rates on request. 


CkM 

INDEX 

AVIATION "Claiilfied" — April, 1941 

U,diipl^„d «I, sSmut oml, ONE mtkl ol W*.. 

Engines & Parts 



Cub 


Eqelpment & Products 

Aircraft loHariai 



Used Planes 

MltcelleeecM 

so hp'''cuP*J*j”77loo. A°ro»mVAlfMrvle^ 


Hi 

iiii 

|TINSON^05 — *0 H.P^.. nev. 



Teylereraft 

Pronallar 



Used Planes— General 


TIRES: New. fr»V. <00.6 and 800>4. 

gg... 


>llow«/‘'|e«e”llrera«* sSpp?>’ Cd'^^eKIt 


''r") 



RtSIXESS OrrORTUMTIRS: IBsetMt llll 



I GIVE rOOR$EtFA8REAK...PON’T BREAK YOURSELFl | 


BUY YOUR AIRPLANE ON EASY TERWS THE ACC WAY 


I AVIATION CREDIT CORPORATION of Sf. louis 
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Sold the ship 


■'Kindly discontinue our ad in the 'Market 
Place’ as it has sold the Beechctaft and addi- 
tional insertions are unnecessary.” 

T-T/i £>/;»« Sra/e Adieriistr) 

Can the “Market Place” Serve You? 


AIRCRAFT MECHANICS 
WANTED 

Experienced aircraft mechanic.^ 
wanted by reliable domestic .air- 
line. Opportunity for advaiKe- 

expected. All replies kept confi- 
dential. 


PLACE ■ 



Professional 

Services 


AEROUIITIML ADVISORY SERVICE 

6. M. & L. HENIG CO. 


Property 
For Sale 


FOR SALE 

BUSINESS and INDUSTRIAL 
PROPERTIES and PLANTS 

Building Saifable For 
Sub-Contract MomifoKfering 
or Sub-Aisembly 




AVIATION'S MARKET PLACE 


INSTRUMENTS 


Keeclj Aircraft 
Ittr. 

STINSON 

DISTRIBUTORS 


^ S. IWRT AIR SERVICE 
^ ^ORCE C. HAVE^ 
CEORCE SCDAAF 
STANDARD AVIATION, Inc. 


F actory trained meci 
check, overhaul or repai 
engine. Complete services on 
">rs, magnetos, generators and c 


parts. Magna Hur system used exclusively. 

SNYDERsdStFAlRCRAFT 

COSRORATIOH 



Seaboard Aircraft Sales 

UINEOLA, N. Y.-Phgni Sanjin City 2SU 

Ditiribufort of 

HOWARD AIRCRAFT 




PKOPELLEItS 

Lafia iAmericofl Trado Sefierfed 

SALES • REPAIRS • SERVICE 


ENGINES FOR SALE 


TRE VIMALERT COMPANY, Ud. 



'. PETERSON AIRCRAFT CO. 


Aviation Schools 

AEHOKAUTICAL ENGINEERING — GROUND — SECHANICS — FLYING — INSTRUMENT 



CHOOSE A SCHOOL FACTORIES USE , 


i:|LETCHER 


^AVIATION 

« HEEDS TRAINED 

MECHANICS 


- - - FRANK AMBROSE - - 
AVIATION INSTITUTE 


Copy 

for 

SCHOOL 

Advertisements 

received by April I6th 
will appear in the May 
issue, subject to limita- 
tions of space. 
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= AVIATION'S MARKET PLACE ^ 

Aviation Schools 

Aeronautical Engineering — Ground — Mechanics 
Flying — Instrument 


<7h RIGHT DIRECTION 


TO A SUCCESSFUL CAFEEk 

^AVIATION 
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Control of the air is vital for effective sea-surface action. Combat 


Squadrons of Grumman F4F-3 Fighters, now aboard U. S. Aircraft 
Carriers, provide protective air-defense for ships of the U. S. Fleet 
. . . These fighters incorporate the development and improvement 
resulting from 10 years experience in designing and building ship- 
board aircraft for the U. S. Navy. 

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 

BETHPAGE, LONG ISLAND, NEW YORK 








PARTiVERS 

IK THE BUSINESS OF 

DEFEASE ! 


W„™U„n.. s to national defense, one trained 
man is worth a dozen untrained men! 

Tliat's Enic of ^Vmcriea's armed forces — 
u'hicii need chemists, meclianics, machinists, 
electricians, radio experts, accountants and a 
dozen other classifications of trained men. And 
trained men in r\mcrica's armed lorccs get bet- 


Its true of / 

industry are cr 
power I i 


'H'- 

's industry — “tin 
I." Today, busini 
c skilled, trainee 




Yes, the trained man i 


.$ thousands of 








* the Chit-a, 


, M gA t • "Pat" Palaold, Manager-Treasurer of 

^T1mJ^§ the Chicago School of Aeronaulies, 

Uw^ strong in liis praise of the \Vaeo trainer 

now in ser> iee at Pal Vaukee Airport. Wheeling, Illinois. He says, "We’ve got to think 
of the safety of these hoys and oiir Waco really takes a beating ... at least 125 different 
men have used our Model LPF7 and the engine has never stopped running . . . oiir boys 
have to lake the ship up and do funny things with it. Maintenance is wonderfid. The 
gear is very good. It's soft and takes a goml bouncing. It has stood up under as much 
beating as three of our older type ships could stand.” 

Waco trainers are built to "take a beating” . . . built to dp a lot of hard work with 
a minimum of maintenanre . . . built to assure the operator a proht on his operation 
. . . that's whv so inanv operators I'hoose Waeos for the CP'FP secondary trainin 


198 


AVIATION, Aprs. 


FIRST PRODUCTION 



January 2lsi, iy(!. will remain an historic date on the 
calendar of chemical engineering progress. 

For on that day. at Freeport. Texas, a truly epoch. making 
achievement was accomplished —the first production of 
magnesium metal extracted in commercial quamilies from 
the waters of the sea. 

Metal from sea water— magnesium— lightest of all structural 
metals in common use. 

This achievement is the fruition of Dow's 25 years of expe- 
rience in the continuous development of magne.sium metal 
production. For at Midland, in 1915. Dow began extracting 
magnesium from Michigan brine by its own processes. 
A quarter century of effort in developing uses and applications 


for DOU'MIITAL* (Dow's name for its Magnesium Alloys) — 
creating demand that has permitted a progressive lowering 
of price — has made magnesium metal indispensable to 
American industry. 

Now demand is suddenly increased enormously by the 
requirements of the security program. For magnesium is 
essential to airplane construction; vital to national defense. 
The successful produc- 
tion of this important 
metal from sea water 
marks an epoch — the 
beginning of a new 
era in the production 
of metals. 


THE DOW CHEMICAL COMPANY. MIDLAND. MICHIGAN 

Hr-tittb Sale^ OJfittt: Saw Voric City— St. tpuii— (.hicjao— Ssa Fraociica— Lot Anxvle}— Seattle 



RiHaui* 




Test measuTement during machining of 
an auxiliary engine housing, Eclipse 
Development Department. 




Products of continuous research 
and development engineering 

From blueprint to finished product. Eclipse accessory 
units are built to the most rigid specifications. From the 
development department, the first hand-made sample of 
an Eclipse Product goes to one of the most modern ex- 
perimental laboratories, where it is subjected by skilled 
engineers to exhaustive tests. To these engineers is en- 
trusted the responsibility for maintaining the high stand- 
ards of performance and reliability that have made Eclipse 
Aircraft Accessory Equipment the accepted standard 
throughout the aircraft industry. 

ECLIPSE AVIATION 

DIVISION OF BENOIX AVIATION CORPORATION 

BENDIX, NEW JERSEY, U. S. A. 



